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HAIRLESS RATS DURING DEVELOPMENT 


Frontispiece 


A and B—Hairless female and hairless male twenty-eight days old; C—Young hairless rat. 
one month old. The hair is all shed except for the vibrissae; D—A hairless male at three 
months. A slight regeneration of hair occurs at this age; E—A hairless female at three 
months. There is less hair regeneration in the female. This mutation arose under condi- 
tions that render it improbable that it is related to other genes for hairlessness in the rat. 
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HAIRLESS MUTATION THE RAT 


WILLARD WILpeR,* R. M. BeETHKE,* C. H. Kick* anp W. P. SPENCERT 


EREDITARY loss of hair has 

been described under various 

names in several species of 
mammals including rabbits', house 
white footed mice, rats®*, 
swine’, dogs’, cattle? 1°, horses’, sheep’, 
and man!*, The published accounts of 
these mutants indicate that they are 
not all parallel or identical, as they 
differ widely in their phenotypic ex- 
pression and degree of dominance or 
recessiveness. 

Roberts®* has made a study of and 
published two notes on the inheri- 
tance of hypotrichosis or hairlessness 
in rats. The present paper is an ac- 
count of the origin, mode of inheri- 
tance and phenotypic expression of an 
independent mutation to “hairless” in 
the rat colony of the Nutrition Sec- 
tion of the Animal Industry Depart- 
ment of the Ohio Agricultural Experi- 
ment Station. As a contribution to the 
study of relative mutation rate in dif- 
ferent genetic loci in mammals it 
seemed worth while to record this 
case. Furthermore, the conditions un- 
der which the mutant character was 
first observed were rather unusual. 

In the past ten years upwards of 
20,000 rats have been raised in the 
Animal Industry Department. The 
original stock came from the Wistar 
Institute about ten years ago. Eight 
years ago females of this stock were 
crossed with Wisconsin piebald stock 
males. At this time a wild male was 
accidentally introduced into the col- 
ony. At present the stock colony con- 
tains no self colored rats; about half 
the individuals are albino and_ the 
other half black piebald with a few 
agouti piebald. No attempt is made 
to segregate color patterns in the varti- 
ous nutrition projects constantly in 
progress. For eight years the stock 
has received no new blood. It has 
been inbred to such an extent that the 


appearance of a new recessive trait in 
the colony is beyond reasonable doubt 
due to mutation. The stock rats are 
given a standard stock diet. 


Origin of Hairless 


In order to study the effect of fluo- 
rine in the diet, 11 litters of stock 
rats twenty-four days old were taken 
and distributed one rat per cage from 
each litter in eleven different cages. 
These rats and their descendants used 
in the experiment were designated by 
numbers. These eleven groups re- 
ceived a diet differing for each group 
in the amount of rock phosphate con- 
taining fluorine. The three females 
and two males in Cage 14 were given 
a medium dosage of fluorine. The diet 
for this cage consisted of: 


Ground yellow corn ........20.......0000..2.... 71.95 % 
Soybean oil meal 10.00 % 
Cod liver oil 2.00 % 
Ruhms rock phosphate -.................... 70 % 


From the third litter of female 
8258 of Cage 14 two females and a 
male were chosen and numbered male 
451, female 452, and female 453, and 
from the third litter of female 8254 
were chosen male 454, female 455 and 
female 456. These were placed in a 
new cage and continued as part of the 
generation of the fluorine expert- 
ment. From the second litter of fe- 
male 452 three rats were chosen and 
designated male 1436, female 1437, 
and female 1438. From the second 
litter of female 453 three rats were 
selected and numbered male 1439, fe- 
male 1440 and female 1441. These six 
rats in a new cage formed part of the 
Fs of the fluorine experiment. 

In the second litter of female 1437 
a peculiar condition of the young at 
weaning age was observed. Some of 


* The Ohio Agricultural Experiment Station. 
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the litter lost all of their hair and be- 
came absolutely bare. This litter con- 
tained eight young and was reduced 
to six at birth in accord with proce- 
dure in the experiment. Of these five 
were weaned, two normal females, one 
normal male and two hairless females. 
These rats were born on December 
Ist, 1930, the first of the new hairless 
mutant to appear. In the third litter 
of female 1438, born January 17, 1931, 
the same condition was noticed. This 
litter of nine was reduced to six and 
at weaning there were four normal fe- 
males and two hairless males. Litters 
four, five and six of female 1438, lit- 
ters two and four of female 1440 and 
the sixth litter of female 1441 con- 
tained each one or more hairless 
young. Subsequent breeding tests have 
shown hairless to be recessive to nor- 
mal. It appears from the above that 
of the six rats of the Fs. generation 
all four females, 1437, 1438, 1440 and 
1441, were heterozygous for hairless 
and of the two males 1436 and 1439 
one was heterozygous for hairless and 
the other was homozygous normal. 
All hairless rats trace back directly 
to female 8258, one of the original 
five rats placed in Cage 14. As two of 
her daughters, female 452 and female 
453, had hairless descendants in the 
I's generation it is possible that they 
received the i gene from female 8258 
or her mate. Another possibility is 
that male 451 or male 454 was hetero- 
zygous for hairless and on mating 
successively with female 452 and fe- 
male 453 transmitted the hairless gene 
to the offspring of both. In this case 
the mutation could have arisen in the 
F, generation of the fluorine experi- 
ment. It seems from the _ pedigree 
most reasonable to suppose that the 
mutation had occurred in one locus of 
a single male of Cage 14 or of female 
8254 or female 8258 or that it arose 
in male 451 or male 454 of the fluo- 
rine experiment. Had the recessive 
gene arisen by mutation earlier than 
this it would have been expected to 
appear in homozygous form in some 
of the other ten cages or their descen- 
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dants, as these all came from the same 
11 litters of stock rats. Without fur- 
ther evidence we are not justified in 
attributing the origin of hairless to 
the fluorine diet although it is quite 
possible from the pedigree records 
that the mutation occurred after the 
rats were placed on the fluorine diet. 
It séems best to consider the fluorine 
diet and the advent of this new type 
as coincident and not showing any 
causal relation. The fluorine diet is 
unnecessary for the expression of the 
hairless character and apparently has 
no more effect on these than on nor- 
mal rats. Most of the hairless rats 
have been raised on the standard stock 
diet minus the fluorine ingredient. 


Description of the Hairless Character 


At birth hairless rats are normal in 
weight and size. The hair comes in as 
innormal rats. About the 19th or 20th 
day a hairless ring appears around the 
mouth of the rat. By the 23rd day 
the hair commences to fall out all 
over the body (See Frontispiece, 4 
and 8). In a few more days the rat is 
completely hairless (Frontispiece, C). 
In three or four months hair begins to 
come in on the shoulders and_ back. 
This coat of hair is thin and the hairs 
are long and coarse. There is some 
sexual dimorphism as hair regenera- 
tion at this time is greater in males 
than in females (Frontispiece D and 
FE). In about a month this hair comes 
out and the skin becomes flabby and 
falls in deep folds around the head, 
neck and legs, giving the rat a rhin- 
oceros-like appearance. On aging the 
skin becomes covered with small, scaly 
lumps and sores. The toe nails grow 
abnormally long and become curved 
(See Figures and 2). this 
time the rats are very sensitive, and 
due to the tender skin they object to 
being touched. As they grow old they 
become thin and die. Our _ hairless 
rats live only about one-third as ny 
as the normal rats. 

The hairless females are very fre- 
quently sterile. In our stocks only five 
hairless females have given birth to 
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“RHINOCEROS” RATS 
Figure 1 


A—A hairless male at seven and cne-half months. The thick, deeply wrinkled skin is 
covered with small, scaly sores. The tce-nails are extremely long. B—A hairless female at 
seven and one-half months. The skin is so deeply folded that the eyes are almost shut. The 
hairless rats only live about a third as long as the normal. Many of the females are sterile. 


litters. Like other epidermal struc- 
tures, the mammary glands are ab- 
normal and in most cases seem par- 
tially or almost wholly atrophied. 
However, one hairless female did 
nurse two of her young from a litter 
of eight. The others of this litter died 
at birth or soon after. It is possible 
to transfer the young of hairless 
mothers to foster mothers. The hair- 
less males approach the normal in fer- 
tility. The stock is best maintained by 
mating hairless males to females 
heterozygous for hairless. Crew and 
Mirskaiat have shown in hairless mice 
that in later generations the sterility 
of the females has become progres- 
sively less. They interpret this as due 
to the introduction into the stock 
through continued breeding of modi- 
fying factors tending to nullify the 
¢icc of the hairless gene as regards 
Sterility. Our experiments have not 
progressed sufficiently to demonstrate 
the accumulation of these favorable 


modifiers. This mutation in the rat 
seems to parallel quite closely the mu- 
tant of the same name in the mouse 
as described by Crew and Mirskaia?. 


The Genetic Behavior of Hairless 


Like the hairless reported by Rob- 
erts®*, this mutant behaves as a sim- 
ple Mendelian recessive, sexually di- 
morphic in that homozygous females 
are often sterile and that hairless 
males tend to regenerate more hair 
than do females during the wave of 
hair regeneration about the third or 
fourth month. 

In 25. litters from heterozygous 
normal to heterozygous normal rats. 
the distribution was 140 normal: 45 
+ 3.97 hairless. The sex of the 
offspring was recorded in_ sufficient 
cases to show that the character 1s not 
sex-linked. In six backcross litters of 
heterozygous normal females to hairless 
males the ratio was 21 normal: 17 + 
2.08 hairless. In a number of crosses 
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LONG CLAWS OF HAIRLESS RATS 
Figure 2 


A—Legs of an old hairless rat. 


albino was shown not to be linked to 
We have made no _ further 


hairless. 
linkage studies. 


Summary 


1. The occurrence of a “hairless” 


mutation in the rat is recorded. 


2. The hairless rat develops a nor- 


is lost at 
weaning age. The skin becomes wrink- 


mal coat of hair which 


The skin is deeply folded, covered with sores, 
and the nails very long. B—The legs of a normal rat are shown for comparison. 


treme development of claws has been noted in other hairless mutations. 


The ex- 


led and covered scaly sores. 


The nails grow very long. The fe-— 


males are generally sterile and the 
mammary glands are deficient. There 
is a slight regeneration of hair about 
the third month. The hairless rat dies 
at an earlier age than the normal. 

3. Breeding experiments show that 
hairless is a simple Mendelian reces- 
sive and not linked to albino. 
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“MEDICAL GENETICS” 


A Necessity in the Up-to-date Medical Curriculum 


Mapce THurRtLow MACKLIN 


Londo 


HE inclusion of a course dealing 

with pathological heredity in man 

in the medical curriculum is one 
of the outstanding needs in medical 
education today. The medical student 
will become the practitioner of tomor- 
row, with the duty and responsibility of 
maintaining not only the health of the 
individual “but of the community; of 
caring for not only the immediate well 
being of the population but of planning 
for “the continued well being of the 
people a generation hence. At present, 
one side of his education in this re- 
spect 1s inadequate; it has not kept 
pace with the accumulated knowledge. 
It is true that there is no room in the 
present crowded medical curriculum for 
such a course, which seems to be the 
main reason for not including it. If 
the course be essential, and many of 
the advanced medical educators think 
that it is, then the medical curriculum 
will have to be altered to include it, or 
lengthened so as to permit adequate 
training in this respect. 


The purpose of this brief note is not 
to deal with the medical curriculum as 
a whole, hence much that might be said 
in this respect will be omitted. It might 
be pointed out, however, that much that 
is taught the medical student today has 
no real relation to the ultimate purpose 
of his education—the practice of medi- 
cine. Lectures that take up many hours 
of time merely repeat what the student 
could read with ease from a textbook. 
They are a mediaevalism retained from 
the days when there were no_ books, 
and teaching could only be carried out 
by word of mouth. Lectures should 
give only what the student cannot glean 
from his textbooks. This is not the 
fault of the professors necessarily. 
Many students rebel when lectures take 
them off the beaten track. Elaborate 
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laboratory experiments which are excel- 
lent from the standpoint of the person 
intending to do research in that par- 
ticular branch, but which contribute 
nothing to the student’s actual medical 
knowledge, should be performed at the 
lecture desk by the demonstrator, thus 
saving hours of time for the student to 
spend on the acquisition of a knowledge 
of disease, its symptoms, its prevention 
and cure. A knowledge of heredity in 
disease is of more importance to the 
practitioner than is the memorizing of 
many elaborate chemical formulae, or 
of an intimate knowledge of the 
numerous theories of urine secretion. 


Teaching Medical Heredity 


For the time being such a course in 
heredity would mainly be in the form 
of lectures, supplementing what is in 
the few textbooks dealing with path- 
ological heredity in man. There would 
be practical work as opportunities oc- 
curred in clinical material. It would 
come in the last year of the medical 
course when the student was thoroughly 
familiar with the symptomatology of 
disease and would in no way interfere 
with the clinician’s province in teaching. 
Students do not gain this knowledge 
of their own accord if left to acquire 
it by themselves. It is becoming increas- 
ingly important as the death rate from 
constitutional disorders mounts, due to 
the decrease in death rate from infec- 
tious diseases. Unless the medical schools 
introduce this work into their curricula, 
the medical profession will find itself 
in the anomalous situation of being 
forced to recognize that the laity know 
far more about certain phases of dis- 
ease than they themselves do. 


It is true that genetics is a young 
science, and that genetics as applied to 
medicine is a mere infant. But it is 
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a very lusty one and will keep on cry- 
ing until it is heard. Although only 
in its infancy, and although we cannot 
speak with that precision upon many of 
the topics related to it that we should 
like, we will make progress only as 
we acquaint our medical students with 
what we know, and inspire them to test 
the truth of our statements in the light 
of clinical observation, and report on 
the tests. As in all sciences, ideas will 
have to undergo constant’ revision. Be- 
cause we knew so little about the treat- 
ment of pernicious anemia did not pre- 
vent us from teaching what we knew. 
Our knowledge of pernicious anemia 
has been entirely revolutionized within 
the last few years, but that revolution 
would not have occurred had we waited 
until we knew enough to have a revolu- 
tion. If we are like the old sinner 
who “could not get converted because 
he was not fit to be converted,” and 
who answered when told to get fit, that 
he ‘‘wasn’t fit to get fit,” we shall make 
no progress. 

Only as we arouse medical educa- 
tors to the necessity of this course in 
medical genetics, will we arouse the 
premedical schools to adopt a program 
to assure adequate preparation of their 
students for such training by giving 
them the fundamentals of the science 
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of genetics. Although many medical 
schools assume that these are taught, 
that assumption is not always justified. 
The medical schools frequently do not 
require it, and the premedical education 
meets only requirements. 


Only as we teach the students a 
course in pathological heredity at the 
end of their medical curriculum after 
they have acquired the fundamentals 
in their premedical work will we have 
teachers trained to bring illustrations 
into their teaching of Embryology, 
Anatomy, Physiology, Bio-chemistry, 
and the clinical subjects. The course in 
pathological heredity is not one which 
will be of mere scientific interest; it 
holds possibilities of being a great as- 
set in preventive medicine and public 
health. For instance, an adequate ap- 
preciation of the importance of heredity 
in the development of cancer enormous- 
ly simplifies the problem of detecting 
in time a vast majority of incipient 
cancer victims. For this reason, I 
strongly urge the adoption of a course 
of Medical Heredity in medical schools, 
so that we may have a medical person- 
nel as conversant with the subject of 
inheritance in disease as they are with 
aseptic technique or with the surgeon's 


knife. 


Smooth-Awned Wheat 


Smooth-awned barleys have long 
been known. Recently varieties of 
barley have been developed which 


combine this desirable characteristic 


with other agronomic desiderata 
(Hayes, H. Kk., JourNAt or Herepiry, 
October, 1926, 371-281). Smooth- 


awned forms of wheat have only re- 


cently been noted. These have agro- 
nomic possibilities similar to those of 
smooth-awned barley. That the smooth- 
awned characteristic is inherited as a 
recessive character is reported by S. 
J. Sigfusson (Sci. Agri. 13 (3): 185- 
193, 1932). The history of this form 
is discussed, and its possible mode of 
origin, perhaps by mutation. 
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DOMINANT VS. NON-DOMINANT GENES 


In the Multiple Factor Hypothesis of Size Inheritance 
H. D. 


Mount Hope Farm, 


HE inheritance of most quantita- 

tive characters is commonly ex- 
plained by what is known as the 
multiple factor hy pothesis. The expla- 
nation, as set forth in our text books, 
begins by assuming that two races dif- 
fering in respect to some quantitative 
character are to be crossed. Both races 
are considered to be homozygous for a 
number of genes, the larger race for 
dominant genes and the smaller race 
for the corresponding recessive genes, 
which are assumed to be without influ- 
ence on size. The cross then may be 
represented as AABBCC....by aabbcc 
- There is the further assumption 
that the several genes represented by 
the large letters have each the same nu- 


merical value, thus giving the heterozy-— 


gote, da, half the value of the homozy- 
gote AA; Bb, half the value of BB 
and so on. In this case the genes are 
usually called non-dominant. The off- 
spring of this kind of a cross. will, 
therefore, fall halfway between the 
parental races, which is a not uncom- 
Inon experimental result of crossing 


races which differ in some quantitative 
character. 


Although text books carefully point 
out that this explanation of the inheri- 
tance of quantitative characters is sub- 
ject to certain minor qualifications, it 
is so good a statement of the general 
opinion of geneticists that we may 
safely proceed to consider whether or 
not it is sufficient to account for all 
known facts in regard to the inheritance 
of this class of characters. For con- 
venience of discussion the word “‘size’’ 
will often be used in place of “‘quanti- 
tative characters.” 


The distinguishing features of the 
multiple factor hypothesis are these: 


Williamstown, 


Mass. 


1. The genes (factors) are multiple. 


2.Each gene represented by a large letter 
contributes a definite amount, or increment, 
to the size of the individual, and may be 
spoken of as a plus gene, but the genes 
represented by the small letters contribute 
nothing. 

3. The effects of the plus genes are, generally 
speaking, cumulative. 

4. The size of the individual is determined by 
the number of plus genes, the greater the 
number, the larger the individual. 

5.The value of each plus gene is approxi- 
mately the same as that of every other 
plus gene. 

6. The heterozygote has half the numerical 
value of the homozygote. 

7.From 5 and 6 it follows that the genes of 
the multiple factor hypothesis are unlike 
other genes since they are all uniformly 
non-dominant, whereas other genes show 
a variable dominance which is nearly or 
quite complete in a majority of cases. 


This hypothesis of multiple non- 
dominant genes leads to the following 
consequences : 


1.The Fi: of a cross between homozygous 
races differing in size comes exactly half- 
way between the parental races. 

. Matings between any male and any female 
in Fe or later generations always produce 
offspring which average halfway between 
their parents, (allowance being made, oi 
course, for sex differences in size when 
there are such). 

3. Matings between individuals within a race 
which is not homozygous should also pro- 
duce offspring which average halfway be 
tween their parents, where allowance is 
made for sex differences. 

4. The phenotype and genotype are identical 
in numerical value. 


bo 


When the consequences of the multi- 
ple factor hypothesis are compared with 
observation they fail to agree with it in 
several respects. These respects are: 


1.F: of a cross between races differing in 
size is not always exactly intermediate, but 
may, as a whole, either approach the high- 
er parent, the lower parent, or may exceed 
the high parent, Table I. Cases where F1 
is smaller than the small parent appear to 
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be unknown. (This is a matter of consid- 

erable significance, because it limits the ap- 

plication of the theory of inhibitors in size 
inheritance ). 

.The offspring of a mating between indi- 

viduals of Fe or later generations do not 

always average exactly halfway between 
their parents. 

3. The offspring of a pair of individuals with- 
in a race which is not homozygous are 
often much more like one parent than the 
other. 


4.Since the offspring on the non-dominant 
mu'tiple factor hypothesis always average 
halfway between their parents, this theory 
is unable to explain hybrid vigor, in which 
the offspring exceed both parents in size. 
The difficulties which the half domi- 

nant size gene theory encounters is well 
shown by the conflicting interpretations 
of inheritance in corn, which affords a 
most conspicuous example of hybrid 
vigor—commonly explained by domi- 
nant genes—vet where experiments in 
crossing races which differ in some 
quantitative character furnish equally 
conspicuous examples of inheritance 
which are referred to the classical mul- 
tiple factor explanation. It is incredible 
that such contradictory explanations 
should both be applicable to the same 
form. It appears, therefore, that the 
usual explanation of the inheritance of 
quantitative characters needs to be modi- 
hed if it is to fit all observations. On 
examination of the list of features of 
this explanation it appears that: 

_It as necessary to retain multiple genes. 

_The genes must be essentially cumulative. 

_Changing the relative values of genes, oth- 
er than members of a pair, without further 
changes does not change the general conse- 
quences of this explanation. 

4. The only change possible, then, is to modify 
the value of the homozygote relative to 
that of the heterozygote. Complete domi- 
nance of A may be assumed so making AA 
numerically equal to Aa. 

To make Aa equal in value to AA 
appears at first sight to lead only to 
difficulties as great as those which beset 
the unmodified multiple factor  hy- 
pothesis, and so it does if we assume 
that crosses between races of different 
sizes are crosses of a homozygous race 
AABBCC, etc., with a recessive race 
aabbcc. It is obvious under these cir- 
cumstances that if we make the as- 
sumption of complete dominance of the 


bo 
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plus genes, that F, should be exactly 
like the larger race in size, a result that 
is rarely if ever realized experimentally. 


Heterozygosity of Parent Races 


The fact that the experimental results 
fail to agree with the results expected 
from homozygous dominant size genes 
is not, however, proof that the genes 
are non-dominant because a mating of 
multiple heterozygous dominants with 
recessives also produces offspring which 
are intermediate between the parental 
stocks, and so the fact that the off- 
spring are intermediate may merely 
mean that the size genes to which the 
larger race owes its greater size are 
heterozygous. This is the more probable 
because homozygous races are avail- 
able for crossing only when close in- 
breeding has been practiced for a suff- 
ciently long time. Even then the result- 
ing race may not be homogeneous, but 
may be a mixture of homozygotes. In 
any case we may be quite sure that, 
with some exceptions, the races used in 
the crosses reported in the literature 
have not been homozygous, because 
most of the animal crosses and many of 
the plant crosses have been made _ be- 
tween domestic races. While domestic 
races may be termed pure-bred by the 
uncritical, in reality they are rarely 
either homozygous or homogenous, but 
on the contrary are both heterozygous 
and heterogenous. 


As Babcock and Clausen! state it, p. 
230, “In the preceding chapter p. 218, 
it was shown that populations of allo- 
gamous species are highly heterogenous 
and that they consist largely of ‘differ- 


ent combinations of highly heterozygous 


individuals.”” We must, therefore, re- 
examine the theory of size inheritance 
in the light of this condition, for it is 
quite clear that individuals from highly 
heterozygous races, being multiple het- 
erozygotes, will give very different re- 
sults when crossed, than would homo- 
zygous individuals. Of course the mere 
fact of heterozygosity is not proof of 
the inadequacy of the non-dominant 
gene theory because the average size of 
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the offspring will be halfway between 
their parents whether the genes are 
dominant or non-dominant. The diffi- 
culty with the hypothesis of non-domi- 
nant genes is that the offspring always 
average halfway between parents, re- 
gardless of whether they are homo- 
zygous or heterozygous. Since experi- 
ence shows they are sometimes nearer 
one parent than the other, or may ex- 
ceed the larger parent it is evident that 
the assumption of non-dominant size 
genes is insufficient to account for all 
observations. But before proceeding to 
consider the consequence of the hy- 
pothesis of dominant genes certain sub- 
jects of importance for our discussion 
need to be considered. We begin with 
dominance. 


Dominance of Size Genes 


Dominance of qualitative characters 
when complete, means that the appear- 
ance of the heterozygote is indistin- 
guishable from the homozygote. Partial 
dominance means that the heterozygote 
can be distinguished more or _ less 
clearly from the homozygote. The con- 
ception of dominance is also adapted 
to the conception of inhibitors, by 
which is meant the ability of genes to 
suppress a character, such, for example, 
as the abilitv of the gene for the polled 
character in cattle to inhibit the devel- 
opment of horns. Dominance as ap- 
plied to a pair of genes that are re- 
sponsible for a quantitative character 
has much the same meaning as when 
applied to genes for a qualitative char- 
acter, but there are some differences. 
If A is a gene producing a given effect 
on size and a its recessive allelomorph, 
complete dominance of A implies that 
individuals having simplex A are as 
large as duplex A, for example if da= 
2, AA = 2 also. Partial dominance of 
size genes means that individuals pos- 
sessing simplex A are not as large as 
duplex A. As for the numerical value 
of simplex A, considered as a partially 
dominant size increment, there seems to 
be no good reason why it should not 
have any value between zero and du- 
plex A. However, it must be recog- 
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nized that identification of instances in 
which the value of Aa is less than half 
the value of AA is not readily made 
even if such a pair of genes could he 
dealt with separately, because of the 
difficulty of distinguishing such an in- 
stance from a partial inhibitor. To be 
sure, an inhibitor is theoretically quite 
different from a plus gene, since it acts 
to suppress the effects of other genes, 
but as plus size genes must be an es- 
sential part of life itself. they are al- 
ways present, thus affording the neces- 
sary basis for the action of inhibitors. 
Consequently there seems little hope of 
being able to distinguish a 
plus gene of a low degree of dominance 
and an inhibitor of a strong but incom- 
plete degree of inhibition. 

Size genes, like other genes, are 
studied indirectly through their effect 
upon the organism, but with a few ex- 
ceptions such as ear length in mice or 
height in peas they differ from quali- 
tative genes in that they cannot he 
studied individually, because we have 
only the joint effect of all genes con- 
cerned by which they may be judged. 
We are forced, therefore, to draw con- 
clusions of their nature and _ activities 
from genes which can be studied indi- 
vidually, and from the observed effects 
of the size genes themselves. 

The relation of size genes to the size 
of the individual varies according to the 
assumption made regarding dominance. 
If the genes are assumed to be non- 
dominant, each plus gene adds an incre- 
ment to the size of the individual and 
its size varies directly with the number 
of genes. But if the genes are assumed 
to be completely dominant, the size in- 
crement added by the homozy gote is no 
greater than that added by the hetero- 
zygote, and so the size of the individual 
is not closely related to the number of 
size genes as it is in the case of non- 
dominant size genes. If all the size 
genes are in the heterozygous condition, 
the size of the individual varies with 
their number, but if all are homo- 
zygous, then the size of the individual 
1S “determined by half the number of 
plus genes. Between these limiting con- 
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Multiple 


ditions, there are of course, 
termediate stages. 

Differences in size among individuals 
when dominant genes are concerned 
arise when the number of pairs of plus 
genes in either the homozygous or het- 
erozygous condition in one individual 
exceed the number of such pairs in the 
other. This means that certain pairs of 
plus genes in the one are represented 
by recessives in the other. As any mat- 
ing of a larger individual with a smaller 
one involves the mating of certain pairs 
of plus genes of one individual with 
recessive pairs in the other, it is neces- 
sary to consider whether the plus pairs 
are entirely homozyzous or heterozy- 
gous or a mixture of the two, for the 
results will quite clearly depend upon 
this fact. If all the plus pairs of the 
larger individual are homozygous then 
all the offspring will be like this parent 
in size while if all the plus pairs are 
heterozygous, the offspring will be vari- 
able w ith an average size halfway bhe- 
tween the size of their parents. If part 
of the plus pairs are homozygous and 
part heterozygous, then the size of the 
children will be variable, with the aver- 
age being nearer the larger parent in 
proportion to the number of homozy- 
gous plus genes. 

In addition to these cases, there is 
also the case where two individuals 
produce children which are larger than 
either parent and which obviously re- 
sults from the mating of individuals 
which possess different sets of domi- 
nant plus genes. There is also the case 
of heterozygous individuals of the same 
size and having the same genes where 
the children average less in size than 
either parent. 

It is not likely that all size genes ex- 
ert exactly the same effect on size. 
Some will be more powerful than oth- 
ers, but since size is a result of so 
many physiological activities, it is prob- 
able that most size genes do not differ 
much, one from the other, in their ef- 
fect on size. If size genes are numer- 
ous, each gene as a consequence of 
number contributes only a small part 
to the total. Moreover in ordinary 
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crosses between races, the differences 
are not sufficiently great to permit of 
large contributions from each gene 
even if they should, as a matter of fact, 
be rlatively few in number. Genes 
tha ave a very large influence on size 
are not unknown, but they are readily 
recognized and can be handled individ- 
ually. 

Having considered dominance of size 
eenes and their relation to size of the 
individual, let us next consider how a 
race may remain in a highly hetero- 
zygous condition. As shown by Hardy 
in 1908, an ordinary Fe. generation will 
maintain itself indefinitely under condi- 
tions of random matings and equal fer- 
tility. Thus with one pair of genes, 
A, a, one of every four individuals of 
eenerations later than the Fo will be a 
homozygous dominant, two will be het- 
erozygotes and one will be the reces- 
sive. If instead of one pair of genes 
we consider four pairs of genes, each 
individual on the average will have one 
pair of homozygous dominant genes, 
two pairs of heterozygous genes and 
one pair of homozygous recessive genes. 
That is, we can represent the four pairs 
of genes in four individuals in the fol- 
lowing way. 

AABbCcdd 
aaBBCcDd 


AabbCCDd 
AaBbecDD 


To be sure not every 
contain exactly this distribution of 
genes for the actual distribution of 
genes is given by the continued prod- 
uct of the ratios in which the contribut- 
ing genes occur such as, for example, 
(AA + 2Aa + aa) (BB 4+2Bb + bb) 
(CC + 2Cc + cc) (DD + 2Dd +-dd), 
which when extended gives a small per- 
centage of individuals completely homo- 
zygous, and a larger number that are 
heterozygous. When the genes are suf- 
ficiently numerous the frequency of oc- 
curance of individuals that are com- 
pletely homozygous becomes smail 
that they are rarely encountered. Ordi- 
narily only individuals that are hetero- 
zygous for the majority of their genes 
re to be met, although this is not in- 
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variably true even under the conditions 
stated here. However, genes may exist 
in other proportions by virtue of which 
a race remains in a state of multiple 
heterozygosis. In the foregoing scheme 
the gene A occurs with equal frequency 
with gene a. But A need not bear this 
ratio to a. There is a large series of 
ratios possible, each one of which is 
self-repeating. A few of these ratios 
are given in the following table. 

If we examine the conclusion to 
which Table II leads, we see that it 
contains very much that is of impor- 
tance for the theory of inheritance of 
quantitative characters. 

This table is divided into three sec- 
tions. In the first are shown succes- 
sive ratios of A to a, in which the co- 
efficient of ais always 1 and that of A 
beginning with 1 is the next higher 
number in successive ratios. Only a 
glance is needed to show that this part 
of the table leads directly away from 
multiple heterozygosis to a condition of 
multiple homozygosis of the dominant 
genes. 


The Journal of Heredity 


In the second section of this table the 
ratios are reversed and the coefficient 
of A is held constant while that of a 
increases by the next higher number. 
This section leads to a condition of 
multiple heterozygosis of the dominant 
genes. Under these conditions the size 
of the animal will be determined by 
heterozygous—rather than homozygous 
—genes in increasing proportion as the 
ratio of a to A increases. It is quite 
possible then to have races which fulfill 
the statement of Babcock and Clausen 
in regard to heterozygosity. 

In the third section of this table will 
be found other ratios of A to a, which 
illustrate the wide variety of ratios pos- 
sible, and the way in which they influ- 
ence the proportion of homozygotes, 
heterozygotes, and recessives. 


Genotypic and Phenotypic Distribu- 
tion 


A complete understanding of the sig- 
nificance of gene ratios is possible only 
when considered in the light of their 
influence upon the characteristics of the 


Table I1L.—GENE RATIOS 
Part | 


The dominant gene occurs more frequently than the recessive. 


Ratio of the Dominant 


Genotypic 
Gene to its Recessive 


Ratio 


Phenotypic Ratio 


Dominants Recessives 
1A : la 14A+2Aa+la 3 
2A : la 4AA+4Aa+la 8 l 
3A : la 9AA+6Aa+la 15 | 
4A: la 164A A+8Aa+la 24 l 
nA : la WAA+2nAa+la (n°+2n) 1 

Part II 

The recessive gene occurs more frequently than the dominant. 

14 : la 14A+2Aa+la 3 1 
1A : 2a 14 A+4Aa+4a 5 4 
1A : 3a 1AA+6Aa+9a 7 9 
1A : 4a 1AA+8Aa+l6a 9 16 
14 : na 14A+2nAa+n*a (1+2n) n° 

Part III] 

A few other ratios 

A : Oa All AA all zero 
QA :a all aa zero all 
2A : 3a 44A+12Aa4+9a 16 9 
3A : 2a 94AA+12Aa+4a 21 4 
4A : 3a 164A A+24Aa4+9a 9 
3A : 4a 9AA+24Aa+lb6a a : 
2A : 5a 4AA+20Aa4+25a 24 : 25 
n4 : ma (n°+2nn; ) 
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SIZE DETERMINED BY GENE RATIOS 
Figure 3 


Curves of variation resulting from the independent assortment of phenotypic ratios corre- 


sponding to certain gene ratios. 


The dot and dash line represents the curve resulting from 


ten pairs of genes, each pair existing in the ratio of one dominant gene to thiree recessive 


genes (1A : 3a), with a phenotypic ratio of 9 recessives to 7 dominants. 


The broken line is 


produced by ten pairs of genes, each pair existing in the ratio of 1A : 2a, giving a 


phenotypic ratio of 4 recessives to 5 dominants. 


The continuous line is formed by com- 


bining the two ratios on which the other two lines are based. 


population which result from their ac- 
tivities as expressed in the usual curve 
of variation. Since the phenotypic com- 
position of a population of a quantita- 
tive character is given by multiplying 
together algebraically the phenotypic 
ratios of the pairs of contributing 
genes, such as (3D + (8D + 1R) 
(SD + 4R) (7D + YR), etc., where D 
is the phenotypic dominant, and R the 
recessive, the coefficients of the terms 
of an expanded expression give the re- 
sulting curve of variation, whose shape 
obviously depends upon the contribut- 
ing phenotypic ratios, D to R. Almost 
any kind of a curve can be produced 
by making suitable choice among the 
many ratios available. Phenotypic ratios 
of the form D equals FR, result in 
curves which are normal or nearly so. 


The ratio 3D : 1k, when only a few 
pairs of genes are involved, gives a 
shed roof distribution, which changes 
with increasing number of genes, as 
Collins" has shown, to a curve of fairly 
normal shape. A normal or nearly nor- 
mal curve may be obtained by selecting 
the ratios in such a way that the domi- 
nants are balanced against the reces- 
sives. Asymmetrical curves of various 
kinds can be had by selecting suitable 
ratios. 

Three curves of variation based upon 
comparatively simple gene ratios are 
given in Figure 3. The first, indicated 
by the broken line, is formed by the 
expansion of the phenotypic ratio (5D 
+ 4R)'° corresponding to a gene ratio 
of 14 : 2a. The expansion of this 
formula gives the distribution of the 
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number of dominant size increments 
per individual and so the distribution 
of their size, but as the expanded dis- 
tribution—if plotted from the formula 
as stated—would bring the larger indi- 
viduals to the right of the chart and 
the smaller ones to the left—exactlv 
opposite the customary method of plot- 
ting a curve of variation—it is more 
convenient to write the formula (4?F 
+ 59D),'° which brings the small indi- 
viduals with few size increments to the 
left of the chart, and the large indi- 
viduals with many size increments to 
its right. 

The curve of variation shown by the 
broken line is formed by the expansion 
of the phenotypic ratio of (9R + 7D)? 
while the curve shown by the contin- 
line is formed by multiplying 

+ 7D). by (4R + 5D).1° The co- 
officients of the terms of each expanded 
expression were reduced to a percentage 
basis before the curves were plotted. 


Results of Crosses 


Having discussed the peculiarities of 
dominant size genes, we can, with the 
aid of the ratios given in the table, or 
which mav be deduced therefrom, to- 
gether with the characteristics of ponu- 
lations, understand the varied results 
which are obtained when individuals of 
different sizes are crossed. The case 
which is the foundation of the non-dom- 
inant gene hypothesis, where F; is ex- 
actly halfway between the parents, 
comes first. If the differential size 
genes are practically all heterozvgous. 
they are necessarily represented in the 
smaller race by homozygous recessives. 
The cross then will represent a mating 
of multiple heterozygotes with reces- 
‘sives and the average size of the off- 
spring will be halfway between their 
parents. F, will be variable, which as a 
matter of fact, is quite often the actual 
experimental result. 

An F, whose average size is halfway 
between the parental means may be the 
result of non-dominant size genes or 
it may be the result of dominant size 
genes which are heterozygous. But an 
F, which is nearer one parent race than 
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the other can be explained by _ non- 
dominant size genes only when some of 
the individuals used as parents in the 
experiments are so far removed from 
the racial mean that they cannot be re- 
garded as suitable representatives of it. 
For example an exceptionally large in- 
dividual from the larger race mated to 
an average representative of the small- 
er race would produce offspring in size 
halfway between their own size, but 
which would be considerably above the 
middle point of the difference between 
the racial means. Or a mating may be 
made between an exceptionally small 
individual of the smaller race with an 
average individual of the larger race, 
which would then produce offspring 
whose average size is below the middle 
point. But instances in which the off- 
spring are not exactly halfway between 
the parent races are so numerous that 
they cannot all be accounted for by 
these suppositions. And so it is neces- 
sary to turn to dominant genes to see 
if through their. use a satisfactory ex- 
planation may be developed for these 
instances. 

Taking first the case where F, is 
nearer the larger parent, it is apparent 
that it can be satisfactorily accounted 
for by several ratios in Table IT, of 
which the second ratio in Part I of this 
table is a good example. The genes 
exist in the proportion of 444 :4da:laa. 
Since the larger race possesses more of 
the dominant genes than the small one 
it follows that on the average when the 
‘aces are crossed one homozygous domi- 
nant. pair of genes meets a pair of re- 
cessives, while one pair of hetero- 
zvgous genes is also meeting recessives. 
This can be represented by AARBb 
meeting aabb. The children are Aabb 
and Aabb, thus averaging nearer the 
higher parent than exactly halfway, be- 
cause of the influence of the homozy- 
gous pair of genes, AA, which by it- 
self takes the children to their own 
level, while the Bb pair of genes takes 
the children only half way to its level. 
The combined effect of the two 
pairs of genes is to produce offspring 
which average three fourths of the dif- 
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ference between the parents above the 
lower parent’s size. 

The second case, where Fy is nearer 
the lower parents, rather than nearer 
the higher parent, may be explained in 
the same manner except that the domi- 


nant genes must now be regarded as 
inhibitors. 


Partial Heterosis 


Another instance with which the text 
book explanation of size inheritance 
involving the hypothesis of non-domi- 
nant genes is wholly incompatable, 1s 
the dominant gene theory of heterosis, 
because non-dominant genes _ plainly 
cannot account for hybrid vigor even 
though two races owe their size differ- 
ence to different sets of plus genes, 
since non-dominant genes inevitably 
bring the size of the offspring halfway 
between that of their parents. Con- 
sider such a mating as AABBCC with 
EEFFGGHHIIJS. The first race con- 
tributes genes ABC. The second con- 
tributes genes EFGHIJ. Give each 
gene a value of 1. Then the small 
race AABBCC has a value of 6 and 
the large race EEFFGGHHIIJJ a 
value of 12. The cross bred offspring 
has a value of 9 which is exactly half- 
way between the parents. The only 
exception to this rule is when non- 
dominant genes are also complementary, 
but such instances are probably not 
common. 

We cannot leave this subject of hy- 
brid vigor without pointing out an 
inconsistency which has crept into its 
use. Hybrid vigor refers to the fact 
that the offspring of a cross possess a 
degree of qualities greater than that 
possessed by either parent, particularly 
such qualities as larger size, greater 
longevity and so on. The meaning of 
the term has been extended, under the 
designation of partial heterosis, to in- 
clude cases in which offspring inter- 
mediate between parents, resemble one 
parent more than the other. It 1s very 
difficult, however, to understand why a 
first generation cross which fails to 
equal the large parent’s size—or other 


characteristic—should be credited with. 
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any degree of hybrid vigor, sceing that 
it is actually smaller than the larger 
parent. The fact is that as far as size 
is concerned, there is no hybrid vigor, 
for true hybrid vigor exists only when 
the vigor of the hybrid exceeds that 
of the larger or better parent. 

The development of the conception 
of partial heterosis has undoubtedly 
resulted from the necessity of account- 
ing for those instances in which Fy, 
fails to come exactly halfway between 
the parents, as-is required by the non- 
dominant gene theory, especially those 
cases in which Fy is nearer the larger 
parent. Some explanation is needed to 
account for the discrepancy between 
expectation and fact and so resort has 
been made to the mystical conception 
of physiological stimulus which is as- 
sumed to step up the vigor of the hy- 
brid beyond that expected on the basis 
of non-dominant size genes. While it 
may be true that we can account for 
the phenomena known as _ partial het- 
erosis by assuming that it is brought 
about indirectly by the activities of 
other genes than those immediately 
concerned with the character in ques- 
tion, we are obliged in the last analysis 
to determine how these other genes, 
which provide the physiological stimu- 
lus, acquire their potency. This as- 
sumption, which lies outside known 
genetic principles, is not necessary be- 
cause a satisfactory explanation for the 
phenomena which leads to it is found 
in multiple dominant size genes, part 
of which are homozygous and_ part 
heterozygous. 

In indicating that many of the re- 
corded observations on size inheritance 
require dominant rather than non-domi- 
nant size genes, it is not intended to 
imply that all observations are to be 
explained in this manner. There is no 
reason te conclude that non-dominant 
genes are excluded from further con- 
sideration in particular cases, or that 
Babcock and Clausen’s suggestion that 
the intermediacy of Fy is due to a 
mixture of dominants, some of which 
increase size and some of which reduce 
size (inhibitors), may- not apply in 
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other cases. But there is good reason 
to re-examine the whole question of 
size inheritance in order to determine 
how far non-dominant, partially domi- 
nant and completely dominant plus 
genes and inhibitors are operative. For 
this purpose genetics is not without 
means of determining these facts much 
more fully than has been done. Much 
may be accomplished by the linkage 
studies which are now popular. 
Among other methods the crossing of 
races may still be useful, though it 
cannot be counted upon to add very 
much to our present knowledge, except 
when each of the races or strains 
crossed is homozygous, because only 
then is the race correctly represented 
by the individual. If a cross is made 
between species which are mixtures of 
homozygous races, the results apply 
only to the strains used and not to the 
species as a whole. But homozygous 
strains or races form only a portion of 
the material to be investigated. When 
heterozygous races are under investi- 
gation the best that can be done is to 
cross representatives of the races, and 
the results of the experiment must be 
interpreted in the light of the mating 
of the individuals selected for the ex- 
periment. The use of racial means as 
a measure of individual performance 
is justified only as a first crude ap- 
proximation to the facts. 


The Progeny Test in Studying Size 


There is, however, a method of re- 
search which promises to yield much 
valuable information upon size inherit- 
ance. This is the method of analysis of 
the genetic constitution of individuals, 
in principle no different from the de- 
termination of the genetic constitution 
of an individual where qualitative char- 
acters are concerned but adapted to the 
peculiarities of quantitative characters. 
As it will not be possible in most cases 
to use the convenient method of deter- 
mining the genetic constitution of indi- 
viduals under test by mating each to 
multiple homozygous recessives it 1s 
necessary to adopt the plan of mating 
each individual to a variety of other 
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individuals in number sufficient to thor- 
oughly explore its possibilities. The 
result of such exploration gives a very 
practical and useful knowledge of the 
genetic nature of each individual tested, 
which can, if desired, be stated in a 
single term much as size itself is stated. 
While this is not the place to enlarge 
upon the details of the method it is 
clear that individuals possessing more 
plus genes will give quite different re- 
sults when thus tested than will indi- 
viduals that possess fewer plus genes. 
Also an indication of the relative homo- 
zygosity of the individuals tested can 
be determined from a consideration of 
the character of their progeny relative 
to the character of their several mates. 
Thus an individual that is relatively 
homozygous for plus dominant genes 
will have no offspring below a certain 
size, although its mates vary much in 
size. The relative homozygosity may 
also be determined by use of the coeffi- 
cient of correlation, because the value 
of the coefficient varies inversely with 
the degree of homozygosity of the indi- 
vidual under test. The coefficient of 
correlation between the size of each 
mate and the average of its children 
will be relatively small—zero in the 
case of an individual completely homo- 
zygous in all its size genes, since its 
children are all alike while its mates 
are varied—as compared with the off- 
spring of an individual with few plus 
genes where the correlation between 
the size of each of its mates and the 
average size of the children of each 
mate will be high, since most—in the 
case of the multiple recessive all—of 
the children’s inheritance is derived 
from the mates. 

Along with the method of individual 
genetic analysis additional information 
on size inheritance may gained 
through the development of strains by 
inbreeding or by selection based upon 
progeny testing. For the latter purpose 
the determination of the genetic con- 
stitution of individuals is a very valu- 
able if not indispensable aid. The char- 
acter of the races thus developed, to- 
eether with their behavior when mated 
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among each other should throw further 


light on the character of the genes 
involved. 

The development of methods for the 
exploration of the genetic constitution 


of individuals for quantitative char- 
acters promises not only to enlarge our 
knowledge of this branch of genetics 
but should be of the greatest benefit 
to agriculture through improvement in 
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Cyto-Genetics in 1932 


RECENT ADVANCES IN CYTOLOGY, 
by C. D. Daritncron. Pp. xvili + 559. 109 
text figures, 8 plates. Price, $4.00. P. Blakis- 
ton’s Sons & Co., Inc., Philadelphia. 1932. 


© THE average biologist the title 
of the book is misleading, for it 
treats almost solely of chromosomes 
and their behavior. The author states 
in the preface that the purpose of the 
book is threefold: (1) an introduction 
for the student who is a beginner, (2) 
a résumé for the research worker who 
requires classified observations, and (3) 
a theoretical treatise in which the au- 
thor’s own views are developed. 
Concerning the first purpose, it 1s 
difficult for the reviewer to consider 
the book as an introduction to the sub- 
ject of karyvology, for the presentation 
is not sufficiently lucid and concise. 
Nevertheless, it should be highly stimu- 


lating to a beginning student when used 
in conjunction with a more elementary 
text. 

Throughout the work the second pur- 
pose, namely, that of classifying obser- 
vations for the research worker, is em- 
phasized. This applies even to the 
method of presenting the subject mat- 
ter. The author tabulates many data 
on chromosome types and behavior in 
an effort to organize the descriptions 
given by many authors. Since the 
analysis of chromosome behavior by 
different authors, particularly with ref- 
erence to abnormal situations, is_ fre- 
quently incomplete, inconclusive or of 
a fragmentary observational nature, 
conclusions from such tabulations must 
be cautiously accepted. Although the 
value of some of the tabular material 
is thus inevitably diminished, the well 
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informed investigator can derive much 
benefit from such an organization. 

To the reviewer, the main value of 
the book lies in the third purpose—a 
theoretical treatise in which the author’s 
views are developed. In this phase of 
the work the cytologist is frequently 
jolted into a frame of mind which un- 
doubtedly will color his future investi- 
gations in an effort either to refute or 
to confirm the author’s contentions. The 
method of presentation, although in 
part unintentional with the author. con- 
tinually centers the attention of the 
reader on the inadequacies of our pres- 
ent knowledge of the fundamental com- 
position of the chromosomes and. to 
some extent, of their behavior. There 
are too many unproven postulates. By 
such a procedure, however, a clearer 
view of the present state of the subject 
is made possible and a definite direction 
for future investigation is indicated. 
The theoretical postulates in the field 
in which the author has carried on his 
investigations and centered his thoughts 
are admirable and provocative. Unfor- 
tunately, the author has a tendency to 
dismiss evidence which, due to his lack 
of acquaintance with the material, ap- 
pears inconsequential to him. 

The first two chapters deal with the 
nature of the chromosome, its size, 
structure, division and potential perma- 
nence. The next chapter is devoted to 
genetic structural modifications 
which affect individual chromosomes or 
the entire chromosomal complement. 
The following chapter deals with meio- 
sis in diploids and polyploids. It is 
here that the fundamental assumptions 
and arguments necessary for the elabo- 
rations in the following chapters are 
presented. Mainly on the basis of the 
assumptions that pairing is due to a 
2-by-2 attraction of homologous parts 
of unsplit chromosomes and that chi- 
asma formation is the product of cross- 
ing over and is solely responsible for 
continued association of chromosomes 
in late prophase and metaphase, the be- 
havior of chromosomes in various types 
of hybrids and polyploids is analysed. 
In the several chapters devoted to poly- 


ploidy and hybridity, the determinable 


tvpes of nuclear changes associated 
with modification in the appearance and 
behavior of the organisms are consid- 
ered with regard to their evolutionary 
significance, 7. ¢., the origin and con- 
stancy of new types. Several chapters are 
devoted to a discussion of the author’s 
theories regarding the cause of pairing 
of homologous chromosomes at meiosis, 
the time and nature of crossing over, 
the formation of visible chiasmata and 
the meaning of the reduction in 
number of chiasmata from mid-pro- 
phase to metaphase. These views of 
meiotic behavior serve as a basis for 
the presentation and interpretation of 
many of the vet unsolved and_ insuffi- 
ciently understood or examined phases 
of cvtological investigation. When called 
for, subsidiary hypotheses are intro- 
duced in order that an explanation may 
not be lacking. Whether or not these 
interpretations will hold in the light of 
future investigations, they serve at 
present to coordinate and_ illuminate 
much that has been overlooked in pre- 
vious investigations. student of 
cyto-genetics can fail to derive stimu- 
lation and much valuable information 
from this presentation. 

The author’s desire for a unification 
of our knowledge of karyology goes 
bevond the range of tabulated observa- 
tions for their own sake or for that of 
some particular theory and culminates 
m the last chapter with a treatise on the 
evolution of genetic systems such as 
the origin and differentiation of the 
chromosome, chromosome complement 
and the meiotic process, the genetic 
and cytological changes responsible for 
sexual differentiation and the part hy- 
bridity has played in the development 
and permanence of species. I[¢mphasis 
is placed upon the view that variations 
of evolutionary significance have their 
origin in single effective changes which 
arise in advance of the use to which 
they are put. 

The book possesses a valuable glos- 
sary and biblography. 


BARBARA McCLINTOCK. 
California Institute of Technology. 
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TWIN RESEARCH HOLLAND 


Dr. C. Ph. Schokking. Extension of 
Twin Research in the Netherlands; Leiden 
P. J. Mulder and Sons, 1931. 


Dr. A. M. Legras. Psychosis and Crimin- 
ality by Twins; Utrecht, Kimink and Sons, 


1931. 


ITHIN a _ year’s time there 
have been published in Holland 
two theses on the heredity of 
twins. That so distinguished a student 
of this subject as H. W. Siemens has 
become professor of Dermatology at 
the University of Leiden undoubtedly 
partly accounts for this. The author of 
one of these theses is his pupil and as- 
sistant, Dr. C. Ph. Schokking. The 
author of the other is assistant to Dr. 
L. Bouman, Professor of Psychiatry 
and Neurology at the University of 
Utrecht. 
Schokking’s thesis, Extension of 
win Research in the Netherlands, is 
based on his investigation at Leiden, of 
91 pairs of one-egg twins and of 95 
pairs of same-sexed two-egg twins. For 
that purpose all characteristics of the 
examined persons were recorded, from 
which data it was later determined by 
comparison how great was the influence 
of heredity. In this manner were treated 
successively cutaneous affections, de- 
fects of the eyes, internal abnormalities 
and infectious diseases, defects of the 
bones and muscles and of the external 
build of the body, and evidence of 
asymmetry. The results obtained were 
added to those of other investigators, 
especially to those of Siemens and von 
Verschuer, to increase the number of 
cases available as a basis for conclu- 
sions. When we consider that the au- 
thor of the thesis specialized in cutan- 
eous diseases, it will cause small won- 
der that these diseases have received a 
lion’s share of attention. No less than 
59 of the 106 pages that contain the re- 
sults of his research have been given 
over to these affections of the skin. 
Through this fact the book suffers from 
a certain lack of equilibrium. The 
psychic characteristics and defects have 


not been treated at all and others have 
received but casual attention. But in 
spite of those facts many very iimpor- 
tant conclusions can be gathered from 
this investigation. The following table 
summarizes the information with regard 
to the similarities and differences of 
twins, in those instances in which 
Schokking was able to obtain enough 
twin pairs to render the data significant 
or suggestive (see Table 1) 

This table, which gives chiefly the re- 
sults of the minute research of Schok- 
king, shows sufficiently why this thesis 
is an important addition to the litera- 
ture on twins. Schokking has réached 
the following conclusions: Acrocyanosis 
and cutis marmorata are but little ef- 
fected by the environment. Teleangiect- 
ases of the cheek, interscapulae, and 
back of the head are preponderatingly 
determined by heredity. This is also the 
case with the angioma senilis, while 
naevi aranei are more determined by 
external conditions. Acne vulgaris is 
an hereditary disease (probably depend- 
ing on two or more genes), which is 
also the case with the miliae; but 
these are more variable in  expres- 
sion. Keratosis umbilicis, too, seems 
to be very much dependent on the 
hereditary factors; the striae cutis 
distensae is on the contrary much more 
influenced by environment. The naevi 
are independent of hereditary factors. 
The occurrence of eczema is based on 
an idiodisposition, likewise that of ec- 
zema folliculari and of verrucae vul- 
cares. Strabismus convergens  ap- 
pears to be largely independent of 
hereditary factors. The defraction of 
the eves on the other hand is con- 
trolled largely by an hereditary com- 
ponent. A distinct tendency towards 
rickets appears to exist, while for tu- 
berculosis and the acute infectious dis- 
eases, the evidence of an_ hereditary 
basis is much less conclusive. Left 
handedness seems, according to these 
data, to be to a certain degree de- 
pendent on heredity. 
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That these researches of Schokking 
have been guided by Siemens is shown 
by the many quotations from the 
books of the latter. It is to be hoped 
that other pupils will follow Schok- 
king’s example, and that Siemens him- 
self will again take a more active part 
in research on twins, and continue at 
Leiden the very fruitful investigations 
he began at Munich. 


Psychoses in Twins 


Legras’s thesis is entitled Psychosis 
and Criminality in Twins. As yet only 


a few psychiatrists have occupied them- 
selves with the occurrence of psychoses 
in twins. Ruedin, 6f Munich, and his 
pupils, Lange and Luxemburger, have 
done the chief research in this field. Le- 
gras collected his material not only 
from the psychiatric clinic at Utrecht, 
but also from Dutch lunatic asylums, 
penitentiaries, reformatories, and gov- 
ernment educational institutions. 

Betore beginning a report of his own 
investigation, Legras devotes several 
chapters to a review of other research 
on twins. Publications in this field have 


TABLE !—Similarities and Differences of Twins: ++=Ceoncordant. +O=Discordant. +(+)=Similar But 


With a Little Difference 


Diagnosis One Egg Two Egg 
++ +(+) +0 ++ +(4+) +0 
6. Blepharitis squamosa 8 l 
5 2 l 
8. Conjunctivitis follicularis 2 
9. Deviation of the septum.....................0........ 3 
11. Eczema erythemate-squamosum................... 20 8 10 6 38 
12. Eczema folliculare .200000.......00000000.2.cccceeeeeeeeeee 11 l 4 
13. Eczema of the Hips................2:....ccccccccccccssccee 12 2 3 G 
14. Enuresis nocturna ...00...0..00...20:ceccceecceeeeeeeeess 5 4 5 10 
17. Impetigo 2 l 3 
18. Keratosis wnobilicalis ..................................... 2 
19. Lefthandedness 3 3 1 
7 6 8 15 
44 ] 44 3 
25. Naevus pigmentosus 7 3 
26. Naevus vascullosis 1 6 
2/7. Partil l 6 6 
ZO. 6 6 
4 
34. Striae cttis distensac..................................... 2 3 1 
35. Tabled fundi 23 2 11 8 15 
36. Teleangiectases interscapulae ..................... 6 3 9 8 
37. Teleangiectases of the cheek........000.00...... 4 1 9 10 28 
38. Teleangiectases of 3 1 1 2 
39. Teleangiectases, other 10 1 11 
41. Tussis quinta ....... 6 2 21 
2 4 1 3 
43. Vegetationes. adencideae 4 13 ] 
3 l ] 
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increased greatly since Siemens’ sum- 
mary in 1924. Some of Legras’ state- 
ments in this part of the book are 
rather uncritical, and are not supported 
by sufficient evidence. His attempt to 
test Newman’s view that each left-hand- 
ed individual is the survivor of a pair 
of twins of which the right-handed half 
has been lost, is entirely inadequate. He 
did this by asking left-handed persons 
if twins occurred in their family. This 
method of approach, while having pos- 
sibilities, must be undertaken on a much 
larger scale if any conclusions are to be 
reached. 

Similarly his explanation of the fact 
that more twins are born in Germany 
and in Russia, and more in the country 
than in cities, is distinctly naive : 

“A woman who once lived through a 
gravidity of twins and in this way saw 
the family grow rapidly, would not 
stand the risk of twins again. And now 
it is just in the cities and in France that 
birth control is practised.” 

Of course this is no explanation, for 
the ditference in the percentage of twin 
births, compared with all births, is not 
explained by it. It is an -ascertained 
fact that among the first born, twins are 
not so frequent as among the later 
born; the reason of this is unknown. In 
France and in the cities, by means of 
birth control, the percentage of first 
born is larger than in Germany and 
Russia. It follows that the percentage 
twin-births must be smaller in the first 
mentioned regions. 

The surplus of masculine births, Le- 
eras thinks to explain by simply declar- 
ing that we can assume the fact that 
nearly all parents wish for a son, par- 
ents with two sons are content; parents 
with two daughters still hope for a son. 
According to Legras, it must be clear 
that in this way the number of male 
births must dominate. This so-called 
explanation is wholly inadequate, for it 
does not explain the surplus of males 
among the first-born. 

These defects can, however, readily 
be overlooked because of the extraor- 
dinary interest of the material which 
legras presents on psychic abnormali- 


ties in twins. Legras examined twenty 
pairs of identical twins suffering from 
various nervous diseases and four pairs 
of criminal identical twins. As a con- 
trol, he gives brief histories of nineteen 
pairs of non-identical twins, of which 
one of each pair has been confined to an 
institution, and of five pairs of two-egg 
twins, of which one of each pair had 
been convicted of a criminal offense. 
The following table summarizes his re- 
sults : 


TABLE Itl—Occurrence of Mental Disease in 
Identical and Fraternal Twins 


IDENTICAL TWINS 


Number of cases in which twins were: 
concordant discordant 


Schizophrenic psychoses 


(Dementia Praecox )...... 6 
Manic-depressive psychoses 2 
3 
Suicide l 
4 
Sclerosis multiplex 

(sclerose en plaques)... 1 


TWO-EGG TWINS 
Number of cases in which twins were: 
concordant discordant 


psychoses... 9 
Degenerative psychoses...... ] 
Melancholic psychoses........ ] 
Epilepsy 
Hemiathosis post 

encephalitica 
Idioty post 

encephalitica 
Mongoloid idiocy 
Criminality 


Schizophrenic 


bob 


A detailed case history of each of 
these identical twins is given as well as 
the brief summaries of the fraternal 
twins. From these data, Legras reaches 
the foliowing conclusions : 

1. Many of the symptoms of the 
schizophrenic psychoses are determined 
by heredity. External influences play 
little part in the history of these cases, 
except perhaps in affecting the gravity 
of the symptoms. If one bears in mind 


that 80 per cent of all inmates of in- 
stitutions for mental diseases are schi- 
zophrenics, it is clear that for.a great 
majority of lunatics, the histories of their 
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lives have had little influence on their 
present condition. Furthermore, it ap- 
pears that the various forms and types 
of this disease, also have a_ genetical 
basis. 

2. The manic-depressive psychoses 
are also little influenced by the history 
of the individual. Environmental in- 
fluences cannot be shown to have much 
effect. One case studied by Legras, 
confirms the report of Lange, that 
mania and melancholia, have a similar 
genetic basis and ought not to be sepa- 
rated as advised by several authors. 

3. On the basis of the literature on 
the subject and Lange’s cases, one can 
say that idiocy is determined more by 
the hereditary constitution, than by such 
factors as alcoholism and syphillis. The 
psychoanalytic factors have little more 
than a pathological interest. 

4. The four criminal cases are not so 
convincing as they might be because the 
twins did not grow up separately. 
When, however, we compare them with 
the five pairs of non-identical twins, 
one of whom was a criminal, the con- 
trast is quite striking. In these cases, 
although the twins grew up together, all 
five are discordant and the other twins, 
in each instance, have not been convict- 
ed of crime. These cases when added 
to those reported by Lange indicate that 
while criminality could hardly be called 
a gene determined characteristic, it has, 
nevertheless, a definite hereditary basis. 

5. The single case of identical twins, 
both with multiple sclerosis, is extreme- 
ly suggestive. It is true that identical 


twins would possess the same suscep- 
tibility to infectious diseases and we 
might expect inflammation, induced by 
such diseases, to run the same course in 
identical twins. The fact, however, that 
multiple sclerosis occurs only in a few 
individuals and that it has a clearly de- 
fined and very characteristic course, 
militates against such a view. ‘Thus, 
multiple sclerosis with its associated 
symptoms, a very characteristic squint- 
ing of the eye, rambling talk, gradual 
disappearance of reflexes, and defects 
of the viscera suggests 2 rather highly 
centralized chain of events. That we 
should attribute these to a diffuse pro- 
cess of inflammation as has been done 
before seems questionable. ‘This case is 
of considerable interest and it is hoped 
it will lead to further research on the 
heredity of this condition. 


Though the number of cases dealing 
with identical twins discussed by Le- 
eras is not large, the results are of con- 
siderable value, as the cases have all 
been accurately and exhaustively exam- 
ined physically, physiologically and psy- 
chologically. The psychiatrical study of 
the identical twins shows only a few 
differences in their phychoses. This is 
true also of the criminal twins. The 
non-identical twins show no such close 
similarity. Legras’ studies are further 
evidence that heredity has a very im- 
portant place in the causation of mental 
disease and of criminal tendencies. 
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NEMATODE RESISTANCE PINEAPPLES 


Varietal Resistance of Pineapple Roots to the Nematode Heterodera 
Radicicola (Greef) Muller 


J. L. Cottins AND H. R. HAGAN 


University of Hawai 


(Concluded From 


the November Number) 


Comparison of Nematode Infestation on Different Varieties 


“NALLS on the roots are divided 
into two classes, terminal and 
non-terminal, and each class is 

treated separately. The latter class indi- 
cates roots that were able to continue 
growth after being infested, on the 
assumption that original infestation was 
at the tip of the root. The terminal gall 
class includes those roots the growth 
of which was stopped by the formation 
of a gall at the root tip. 

As stated in the description of meth- 
ods, records of the galls present on the 
fine lateral rootlets were taken but have 
not been considered in this analysis, 
for two reasons. The infestation was 
found to be quite uniformly low on all 
varieties, and no measurement was 
made of the volume of these fine roots. 
The number of galls observed on these 
roots would to some extent depend 
upon the number of the roots present. 

The infested varieties in Table III 
show distinct differences in the average 
number of roots produced as do the 
check varieties in Table II. These fall 
into three groups: Hilo and Cayenne 
with a large number of roots; Per- 
nambuco, Lot 520 and Natal with 
slightly smaller numbers and _ finally 
Wild Kailua, Ruby and Taboga with 
the fewest roots. 

The number of terminal and non- 
terminal galls per plant exhibits a simi- 
lar classification with the notable ex- 
ception that Lot 520 has a low number 
of terminal galls as compared with 
Pernambuco and Natal. 

The average number of galls per root 
(Column 6) shows, apparently, only 


slight differences between varieties. 
However, in Column 7, a very different 
and significant picture is presented. 
Lot 520 and Pernambuco plants have 
34 per cent and 29 per cent, respec- 
tively, of their roots free from galls 


while Taboga and Cayenne have 3.5 


per cent and 4.7 per cent of their roots 
free. The similarity of the number of 
galls per root in Column 6 is only ap- 
parent due to the fact that some of the 
varieties, notably Lot 520 and Pernam- 
buco, frequently- have several galls on 
a single root, indicating an ability to 
continue growth after an initial infec- 
tion. Varieties with a lower percentage 
of gall-free roots possess this trait to a 
lesser degree, hence the galls are dis- 
tributed over a larger proportion of the 
total number of roots. 

The varietal differences in terminal 
gall infestation is shown graphically in 
Figure 4, which gives the number of 
galls per plant in relation to the num- 
ber of roots per plant. If every root 
exhibited a terminal gall the variety 
would be plotted on the diagonal line 
indicating 100 per cent infestation. The 
farther away from this line a variety 
is plotted, the greater the percentage of 
gall-free roots. This diagram shows 
Taboga, Ruby and Cayenne with ap- 


proximately the same low percentage, 


of gall-free roots. Natal and Pernam- 
buco are slightly less infested than the 
three varieties mentioned. Hilo, Wild 
Kailua and Lot 520, on the other hand, 
are’ farther away from the line, thus 


revealing a larger percentage of gall- 
free roots. 
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o NATAL 


WILD KAILUA 


AVERAGE NUMBE 


520 © PERNAMBUCO 


CAYENNE 
S VARIETIES DIFFER 
LITY 
SUSCEPTIBI 
a 30 Figure 4 


Graphical representa- 
tion of varietal differ- 
ences in terminal gall 
infestation and in num- 
ber of roots per plant. 
(Data from Table 3.) 


RUBY 
TABOGA 
_| | 
0 10 20 30 40 


AVERAGE NUMBER TERMINAL GALLS 


Figure 4+ also shows varietal differ- 
ences in average numbers of roots per 
plant. The position of the variety with 
respect to the horizontal base line is 
determined by the averaged number of 
roots, those farther away having a 
larger number of roots per plant than 
those varieties closer to the line. 

Table IV has been arranged to show 
the difference in the percentage of in- 
festation of each variety with every 
other variety. The figures in the squares 
represent the difference in the percent- 
age of infestation between the variety 
shown at the top of the column and 
the one at the left of the row in which 
a particular square occurs. The variety 
exhibiting the greater percentage of 
infested roots is indicated by an arrow 
in the square beneath the number. 
Thus, in the ,case of the difference 
between Cayenne and Hilo, Cayenne 
shows 10.7 greater percentage of in- 
festation than does Hilo. The per- 
centage of infestation in Natal is 20.7 
greater than in Lot 520. It will be 
noticed that all the arrows point away 


from Lot 520 which has a lower per- 
centage of infested roots than any of 
the other varieties, while all the arrows 
point toward Taboga which has _ the 
largest percentage of infested roots. 


Comparison of Root System Develop- 
ment of Check and Infested Plants 
in Each Variety 


In previous sections the differences 
between varieties have been considered. 
This section will be concerned with the 
average difference between check and 
infested plants of the same variety. An 
attempt will be made to express quan- 
titatively the amount of damage which 
nematodes cause to root development 
within each of the several varieties. 

It is clearly demonstrated by the fig- 
ures in Table V, Column 3, that the 
number of roots produced by a plant, 
of the age dealt with in these experi- 
ments, is not influenced by the presence 
of heavy nematode infestation. A dif- 
ference to be significant must be greater 
than four times its probable error. In 
no variety is there a significant differ- 
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ence in number of roots between check 
and infested plants. 


In the matter of average length of 
root, however, a different picture is 
presented in Column 4. In all varieties 
except Lot 520, a significant difference 
is shown between mean length of roots 
of check and infested plants. In Lot 
520, the D/E —0.93 which indicates 
that in this varietv there is no differ- 
ence between length of roots of check 
and infested plants. In Column 5, this 
reduction is expressed as a percentage 
of the length of the roots of the check 
plants and makes possible a ready com- 
parison of the amount of damage done 
to the roots of the different varieties. 
In other words, it shows the relative 
resistance of the varieties which is ap- 
proximately the same as indicated by 
the determination of the number of 
galls per variety shown in Figure 4. 

The percentage reduction in length 
of roots was determined in the follow- 
ing manner: Percentage reduction = 


100 —a— in which C is the mean 


length of the roots of the check plants 
and / the mean length of the roots of 
the infested plants of the same variety. 


The classification of varieties, accord- 
ing to degree of resistance to be given 
later, is based upon this percentage re- 
duction in root length due to influence 
of nematodes. 


The question might justly be raised 
whether the influence of nematodes 
upon plants grown in pots would be 
tvpical of their effects on plants grown 
under field conditions. Godfrey”* ob- 
tained root measurements from three 
Cayenne plants growing in a nematode 
infested field and from three in an 
adjacent row where the soil had been 
treated with CS» to kill the nematodes. 
These plants in the treated soil did, 
however, exhibit a few galls. When 
the measurements were subjected to the 
same analysis used for the pot grown 
plants comparable results were obtained 
for average number of roots, average 
length of roots and percentage reduc- 
tion in root length due to presence ot 


nematodes. Also, part of the work of 
Morgan and Peters?! was organized to 
learn whether a correlation existed be- 
tween the appearance of potato plants 
and the Heterodera schachti cyst popu- 
lation of field soils. No attempt was 
made to secure an initial, large, uni- 
form population in the soil, nor were 
check plots used. The plants observed 
were classed as “good,” “fair,” and 
“poor.” The first test showed no dif- 
ferences but the second gave a definite 
correlation between cyst counts and ap- 
pearance of plant when “good” plants 
were compared with “‘poor.” 

In Table VI we have still further 
analyzed the differences between check 
and infested plants by dividing the 
roots into two classes; those over five 
inches in length have been indicated as 
long roots while those five inches or 
less in length have been considered as 
short roots. In the last column the 
percentage of old roots has been shown. 
‘This term was applied to those which 
had a brown, somewhat dried, outer 
covering, with lateral roots, and with 
the area of soft white tissue limited to 
the extreme tip. In many cases the tip 
of the root was decayed or absent. Old 
roots may not be an apt term for this 
class but it serves to distinguish certain 
roots from the frequently shorter, soft, 
white roots with almost no_ laterals 
which gave the appearance of being 
younger ones. 

Old roots were usually longer than 
the new roots but the classifications of 
long and of old roots in the last two 
columns are not identical. This is due 
to the fact that old roots were classified 
on the basis of appearance regardless 
of length. Long roots, on the other 
hand, is an arbitrary classification which 
includes all roots more than five inches 
in length. 

The percentage of old roots is greater 
in check plants in all varieties except 
Taboga and Wild Kailua. No explana- 
tion can be offered at this time for the 
appearance of more old roots in the 
checks inasmuch as the number of roots 
is not influenced by nematode infesta- 
tion. The percentage of long roots 1s 


| ‘ 
> 
tend 
| 
7 
r- 
1 - 
\ 
. 
} : 
| 
| 
VS | 
| 
1e 
D= | | 
ts 
| 
1- 
| 
1e 
It, 
. 
1 
t 
| 
| = 
er 
| 
1] 
| 


506 


greater in the checks. This substantiates 
our previous statement concerning the 
retarding effect of nematodes upon root 
growth. The slight difference in favor 
of Lot 520 checks in Table VI prob- 
ably is not significant in view of the 
analysis given in Table III showing the 
absence of difference in root length be- 
tween check and infested plants of this 
hybrid. 

A very high proportion of the short 
roots of inoculated plants had become 
infested but there is a pronounced dif- 
ference among the varieties in this re- 
gard. Jot 520, Pernambuco and Wild 
Kailua appear more resistant with 69 
per cent, 71 per cent and 77 per cent, 
respectively, of their short roots in- 
fested as contrasted with Taboga 93 
per cent, Cayenne 91 per cent and Natal 
with 88 per cent of the short roots 
infested with nematodes. 

A consideration of Columns 2 and 4 
shows that nematodes cause a slightly 
greater average reduction in the long 
than in the short roots. The difference 
between checks and infested plants in 
regard to mean root length is due, 
however, to the relative numbers of 
long and short roots in the two classes 
of plants. In Lot 520, the number of 
long roots is equal in checks and in- 
fested plants and the number of short 
roots is also equal in the two classes. 
This indicates a high degree of re- 
sistance in this hybrid. In contrast to 
this condition Cayenne and Taboga ap- 
pear as very susceptible varieties with 
twice as many long roots in the check 
as in the inoculated plants, while for 
the short roots there are twice as many 
in the infested as in the checks. Other 
varieties show a reduction ranging from 
35 per cent to 58 per cent as a result 
of nematode infestation (Table V, Col- 
umn 5). 

The varieties in this experiment can 
now be arranged tentatively in the order 
of their degree of resistance to nema- 
tode injury: 


1. Lot 520 (F; 
Brazil). 

2. Wild Kailua. 

3. Natal. 


hybrid, Cayenne Wild 
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Pernambuco. 
Hilo. 
Cayenne. 
Ruby. 


Taboga. 


NID 


It should be pointed out that while 
nematode galls develop upon some of 
its roots, Lot 520 exhibits a very high 
degree of tolerance based upon the fact 
that its root length is not reduced by 
their presence. 


There has existed some confusion re- 
garding the status of Hilo, whether to 
consider it a distinct variety or only a 
strain of Cayenne. Throughout this 
study Hilo has shown differences which 
lend support to the belief that it is a 
distinct variety. It has shown slight but 
consistent superiority over Cayenne in 
number and length of roots, in the 
quantity of fine fibrous roots, and in 
resistance to nematodes. 


As each of the plants in this experi- 
ment was washed free of soil, notes 
were made regarding the general ap- 
pearance of the plant and its roots. 
These observations were concerned 
chiefly with the uniformity of develop- 
ment, and vigor of the plants within a 
group. 


After these notes were completed it 
was found that they contained observa- 
tions of importance which did not ap- 
pear in the records of measurements. 
Specifically, it was apparent that the 
fine fibrous roots were more numerous 
and better developed on the check plants 
than on the inoculated ones. It ap- 
peared that the presence of nematodes 
curtailed the development of these fine 
feeding roots. However, recorded ob- 
servations upon the degree of gall in- 
festation indicated a very low percent- 
age of visible galls on these roots. 


A summarized statement of these 


observations for each variety appears 
below. 


CAYENNE. Checks: Plants show consid- 
erable variation in size, are 
poorly developed and _ have 


scanty root systems with poor 
development of fibrous roots. 
Roots appear hhealthy. (Fig- 
ure 5 | 


| 
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VARIETAL 


Figure 5 


Root system of a Cayenne check plant grown 
in a root observation box. 


HILO. 


LOT 520. 


Infested: Plants show varia- 
tion in size, and a scanty root 
system with every small de- 
velopment of fibrous and _ lat- 
eral roots. 


Checks: Plants show © slight 
variation in size but have well 
developed root systems through- 
out with many lateral and 
fibrous roots. 

Infested: Some variation in 
size of plants; lack of fibrous 
roots as contrasted with the 
checks. 


Checks: Large plants showing 
slight variation in size. Roots, 
while not as long as in other 
varieties, have excessive 
development of fibrous rootlets, 
producing a thick mat of large 
and small roots. The main 
roots are larger in diameter 


DIFFERENCES IN ROOT-SYSTEMS 
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Figure 6 


Right—Root system of a nematode infested 
lot 520 plants grown in a rcot observation 
box. It shows the mat-like development of 
fibrous roots. This hybrid 1s nematode re- | 

sistant. 


than in other varieties, and 
possess healthy growing tips 
even on old, long roots. 

Infested: Plants show some 
variation in size. Some have 
very few roots apparently due 
to poorly stripped planting 
material. Two outstanding 
features in the appearance of 
these root systems, con- 
trasted with other varieties of 
inoculated plants, are: (1) the 
presence of many fibrous and 
lateral roots, and (2) the old, 
long roots alive at the tips 
and apparently functioning nor- 
mally. A photograph of one 
of these plants illustrates the 


mat of fibrous roots. (Figure 
6.) 

NATAL. Checks: Plants uniform — in 
size. Good root systems 


throughout with many fibrous 
roots (Figure 7.) 


- 
| 
. 
)- 
Ss. 
aS 
)- 
t- 
se 
- 
re 
| 


Figure 7 


Root system of a Natal check plant grown 
in root observation box. Shows fibrous roots 
well developed. 


Infested: These plants are very 
similar to the checks but ap- 
pear to have fewer fibrous 
roots. 


PERNAMBUCO. Checks: Large, well de- 
veloped, uniform plants. Good 
root systems with abundance 
of fine fibrous roots. Better 
in this respect than the in- 
fested plants. A photograph 
of one of these illustrates the 
root type. (Figure 8.) 


Infested: Plants irregular in 
size with root system develop- 
ment inferior to the check 
plants. Fibrous roots well de- 
veloped but less numerous than 
in checks. 


Checks: Variation in size of 
plants. Rather scanty appear- 
ing root system with sparsely 
developed fibrous roots. 

Infested: Good 
uniform in size. 


RUBY. 


sized plants, 
Rather scanty 


FIBROUS ROOTS WELL DEVELOPED 
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Figure 8 


Root system of a Pernambuco check 
plant showing abundance of fibrous roots. 


appearing root systems almost 
devoid of fibrous and_ lateral 
roots. 


Checks: Plants much = smaller 
than those ir: other varieties 
and the roots also are longer 
in proportion to the tops. They 


TABOGA. 


show a fairly good develop- 
ment of lateral and _ fibrous 
roots. 


Infested: Small plants uniform 
in size. Roots much _ shorter 
than in checks with almost no 
lateral and fibrous roots. 


WILD KAILUA. Checks: Plants uniform 
in size having uniformly good 
root system with well devel- 
oped lateral and fibrous roots. 


Infested: Plants show some 
variation in size. Root sys- 
tems well developed but have 
less lateral and fibrous rcots 
than in checks. 


ase 


4 
5 
| 
a 
| 


Collins and Hagan: 


Summary 


1. This 


populations of the following pineapple 


investigation included 


plants: Cayenne, Hilo, Lot 520 (Fy 
hybrid of Wild Brazil * Cayenne), 
Natal, Pernambuco, Ruby, Taboga and 
Wild Kailua. It was planned to deter- 
mine the measurable inherent differ- 
ences in root development; the amount 
of root damage by nematodes, if evi- 
dent; and the relative degree of resist- 
ance to nematode attack in the differ- 
ent lots of plants. It was limited to 
the first 8 months of plant growth. 

2. Of the plants on which measure- 
ments of fibrous: roots were made, it 
was found that Lot 520 possesses a 
larger percentage than any other va- 
riety. Cayenne exhibits the smallest 
percentage of fibrous roots. 

3. Length of roots and number of 
roots both appear to be varietal char- 
acteristics and differ with the variety. 

4. Lot 520 plants have a much greater 
proportion of gall-free roots than any 
other variety, while Cayenne and Ta- 
boga have a very low proportion of 
their roots free from galls. The Lot 
520 plants appear to be highly tolerant 
to the effects of heavy nematode attack 
and show no diminution in root length, 
at least during the first 8 months of 
growth. 

5. The varieties show differences in 
eeneral root system development in that 
some produce a large proportion of 
their total number early and the re- 
mainder much later. 


Nematode Resistance 5O9 


6. The comparison of infested with 
check plants demonstrates that number 


of roots is not influenced by presence 
of nematodes. 


7. There is a material reduction in 
length of roots in all varieties due to 
the presence of nematodes, except in 
Lot 520 which appears to be resistant 
to their effects. All varieties appear to 


suffer a reduction in quantity of fine 
fibrous roots. 


8. In general, short roots are more 
heavily infested than are the long roots. 
Lot 520, Pernambuco and Wild Kailua 
show relatively fewer infested short 
roots than do Cayenne, Taboga and 
Natal and are considered more resistant 
than the latter three varieties. 

9. No pineapple varieties were found 
to be immune to nematode infestation. 
Differences in degree of resistance to 
nematode injury were shown. ‘These 
studies have made it possible to arrange 
the varieties in the following order 
which represents their relative degree 
of resistance to nematode injury, the 
most tolerant being listed first: (1) 
Lot 520, (2) Wild Kailua, (3) Natal, 
(4+) Pernambuco, (5) Hilo, (6) Cay- 
enne, (7) Ruby, (8) Taboga. 

10. Hilo has consistently appeared 
superior to Cayenne in these tests. 

11. These conclusions are drawn 
from observations on young plants and 
from limited populations. They are 
subject to revision should more com- 
prehensive data later indicate different 
interpretations. 
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Tatle IV. Differences in percentages of infestation of each 
Variety with every other variety (Terminal galls only)- The ; 
arrow in each square indicates the variety exhibiting the 
larger percentage of infestation. 


Tuble III- Comparison of nematode infestation on roots of 
different varieties. 


T i 
1 2 3 | 4 | 5 8 2 Variety Cayenne | Hilo | Lot 520] Natal | Pernambuco | Ruby : 
4 
No. of | aver. Aver, number of calls | No. of galls} Per cent. of Hilo 10.7 
Variety | No. roots roots wth t 
| Plants| per plant | Terminal | Non-Terminal per root no galls 
Lot 520 29-3 | 16.6 
| Cayenne 12 38.66 + 1.75 36.75 + 2023 | 14.66 + 1.93 | 1.35 + 0.063 | 4.7 t t 
| } | | 
| Hilo «442.44 + 1.25 34,62 + 1.54 16.19 + 1.33! 1.16 + 0.039| 15.4 Natal 56 
| 
t 520 6 266 89 16.50 + 0.42 14.00 + 1.36 / 1.13 + 0.063 34.0 
| Natal 16 | 25.00 + 0.22) 21.47 + 1.00! 17.00 + 1.49! 1.52 + 0.063) 13.3 - i 
| 
Pernambuco 16 28.58 + 1.25) 24.25 + 1.22; 11.63 + 2.55) 1.27 + 0.055 | 29.1 | | Ruby +6 ve 84.5 3.8 19.6 
Ruby 16 16.93 + 0457 15406 + 0.60) 4.25 + 0,37 1.15 + 0.004 | 9.5 | | 12 | 1209! 30.5 9.8 25.6 6.0 
 Taboga 16 10.81 + 0.53, 10.00 + 0.67) 7.31 + 0.84 1.54 + 0.072 3.5 
| ‘ailua | | 26.2 21. ? ° 
| Wild Kailua 16 | 17-62 + 1422) 11,07 + 2.05, 7468 + 0.92 | 1.36 + 0.060 | 
i 
Table V. Comparison of root systems of check and infested 
plants (Lengths recorded in inches). 
analysis of root lengths of check and infested 
| Plants showing number and percentage of long and short roots and / 
|No. of Average number Averag: length | Percentage reduc- 
| in length | galls on short roots. 
Varie | Plante to tod 
| 1 | 2 3 4 5 4 7 
12 9.08 + 0.68 coat 
& ve N R S 1 
| Difference 0.42 3.05 Variety Plants| length! No.| length] galls roots roots 
| | Cayenne Check! 12 | 26.0] 11.6 13.1] 3.2 66.0 82.0 
42.57 + 1.81 10.50 + 0.22 | Inoc. 12 13.9] 11.2 | 24.6| ‘1.8 91.2 36.0 58.0 
Inceulated| 32 42.44 % 1.25 6.12 + 0.17 41.71 
= Hilo Check 28 34.4 11.9 82.0 
| Inoc.| 32 | 20.6] 10.1 | 21.8] 2.0 80.9 48.0 66.8 
= 15.75 
Lot 520 Lot 520 | Check 14 13.5/ 10.8 | 11.5/ 3.3 _ 56.9 83.0 
| 25.00 1.97 7.50 + 0.31 Inoc. 16 13.8/ 10.4 | 12.5| 2% 69.0 52.6 78.0 
Inceuleted 16 | 26.90 + 1.89 7. 0.30 0.00 
= atal Check 14 22.9 12.8 1.9 3.8 -- 92.0 79.0, 
Difforemce | | Inoc.| 16 | 16.8] 10.8 | 8.0] 2.3 88.3 67.0 | 72.3 
Pernambuco | check! 14 | 29.9| 114 | 404 87.3 | 98.0 
Cheech u“ 24.80 1.07 12.50 +0 Inoce | 16 13.8 | 14.5 269 70.7 48.0 86.9 
Inceulated | 16 (25.00 + 0.22 8.00 + 0.29 36.00 
| - Ruby Check 14 14.7 12.7 365 i 3.2 85.0 90.9 
| ‘Difference | 0.80 2-00 | 4.50 2 0.89 Inoc.| 16 6.8| 9.8 | 20.1} 168 | 90.7 | 40.0 | 66.0 
| © 15.51 
| | Taboga Check} 14 |10.4| 14-4 | 164| 52 | | 90.0 | 9245 
at | 10.60 0.36 Inoc.} 16 404) 904 | 6.3| 2.8 | 93.1 4100 | 9263 | 
Inceu lated 16 26. + 4+25 6.40 + 0.27 7% Wild K | 
gilua| Check| 14 | 18.6| 13.8 | 1.6| 3.7 | 92.6 {| 92.6 
| SARS | 6060 20.8 Incce| 16 | 12.9] 16.5 | 4.6] 2.6 | 77.3 73.0 | 933 | 
Check 16 16.50 0,81 11.71 0.31 
Inceulated | 16 | 16,93 + 0.57 5.25 0.2% 55.16 
Difference | 0.435 2 0.97 6.46 0.39 
= 16.69 
| 
| 
| Check (11.50, 0.80 | 13.144 0.30 
Difference 0.69 + 0.75 7.64 + 0.51 
D/E = 14,77 
Wild Kei lue 
Cheek 16 20.14 + 0.70 13.35 + 0.20 
lated 16 17.62 = 1.22 8.68 
| Difference | 2.52 + 1.30 4.67 + 0.41 
= 11.39 
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Topsy-Turvy Evolution 


MAN AND ANIMAL: Five Aspects of 
Their Essential Difference. By Dr. HeEr- 
MANN PoppELBAUM (Translated the 
German by Edith Rigby and Owen Barfield), 
London and New York: Anthroposophic 
Press. 1931. 8vo., Pp. 174, 18 Illustrations 
and Diagrams. 


HIS book is an example, with some 

innovations, of the anthroposophical 
concepts of the problems of evolution 
and life. The author, who has been 
highly stimulated by the writings and 
teaching of Rudolf Steiner, presents the 
subject matter in five parts, captioned 
as I, Form and Shape, II Descent, III 
Soul, IV, Experience, and V_ Destiny 
in which it is proposed to delineate the 
“essential” differences between man and 
the lower forms of life. In Part I com- 
ments are made upon the comparative 
anatomy of the hand, foot, head, hair, 
teeth, brain and some of the internal 
organs, tending to prove that these va- 
rious structures in man have been inter- 
rupted in their development, and_ that 
the human being is a more backward 
form than some of the higher mammals. 
These considerations ‘“‘overstep the 


boundaries customary in comparative 
anatomy” and seek to “find the inner 
connection between the ‘primitiveness’ 
of the human physical organization and 
its significance for the whole nature 
of man.” Great emphasis is laid upon 
the polarity of the upper and lower 
system in man’s organization, which 
“Rudolf Steiner described in a compre- 
hensive way, drawing from spiritual 
sources to which he had access,” be- 
cause “all arrested development in a 
man’s body depends upon the fact that 
his upper pole is, so to speak, with- 
drawn from the gravity-forces of the 
earth.’ Contrary to the human, the up- 
per part of the animal’s body is sur- 
rendered to gravity and “the lower re- 
fuses to submit to the forces of gravity, 
therefore, Man in his upper pole re- 
tains a condition which the animal aban- 
doned in the past, and strives in his 
lower pole “toward a connection with 
the earth to which the animal is denied 
access.” 

In Part II the autho~ criticizes the 
modern concepts of the descent of man. 
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The animal from birth to premature old 
age, hastens through its development, 
while man drags through a long period 
of middle age in which he has time to 
develop a free Ego-being. The “gene- 
alogical tree’ of man and the animal 
kingdom as conceived by the earlier 
Darwinians, has, with more research, 
degenarated into a “shrub” whose very 
branches are threatening to fall off. 
Among other illustrations, a diagram 
of Haeckel’s tree of vertebrate descent 
is here given to be compared with Greg- 
ory's (1924) table of descent, and we 
are informed that common ancestors are 
not to be found in fossil relics, as they 
were more fluid and plastic—the human 
archetype is still further back in some 
form of soul stuff. A concept, in terms 
highly metaphysical, of the earth’s evo- 
lution according to a “spiritual scien- 
tific system” is given “‘as it is seen by 
supersensible perception,” with an out- 
line of the earth’s epochs of develop- 
ment. 
comes into being arises from a sniritual 
source’ and “It is from the deeds of 
Spiritual Beings that evolution  pro- 
ceeds” seem to express the pivotal ideas 
around which the main hypotheses of 
the entire book have swirled and grown. 
These “Spiritual Beings” have reacted 
with intelligence from the first and 
their deeds have had much to do with 
the sun, moon and earth, to say nothing 
of the other elements in the cosmos. 


The phrases “Everything that 


Parts I, II, IV, and V dealing with 
the Soul, Experience and Destiny respec- 
tively attempt to outline the psychical 
and spiritual aspects and meanings of 
the differences between man and animal. 
The statement that “The animal has 
wisdom in its organs, man has not; 
man must first acquire it through inner 
effort” should be difficult enough for a 
biologist to digest, but the assertion that 
“the forms of the mammals can be un- 
derstood by regarding them as degener- 
ate modifications of the human form” 
must needs produce a reverse peristalsis. 
There is also much comment on the 
central position of consciousness in 
forms of behavior, on the importance 
of the “indestructible” human Ego, and 
on the bondage of the lower animals, 
reenforced by examples which are true 
only in part. 


Although the book contains many 
biological truths and facts revealed by 
scientific experiments well known and 
accepted by students of comparative 
anatomy, physiology and behavior, its 
“fundamentals” are examples of wish 
fulfillment thinking; and one all too 
often encounters sheer nonsense. It 
goes without saying that knowledge 
gained from “spiritual sources” has al- 
ways been unreliable in scientific proce- 
dures, and in the past, not seldom re- 
tarding to the growth of science. 


N. D. C. Lewis. 


Popular Evolution 


EVOLUTION YESTERDAY AND TO- 
DAY, by H. H. Newman. Pp. X+17Z1. 
Price, $1.50. Williams and Wilkins Co., 
Baltimore, 1932. 


HIS book is an attempt to explain 

to “the man in the street” what the 
evolution theory is, how it arose as an 
alternative to the creation theory, and 
what are the evidences in its favor. In 
the later chapters recent developments 
of the evolution theory are discussed 
involving Mendelian inheritance, the 
mutation and pure line theories, genes 
and chromosomes. For better informed 
and imore sophisticated readers, the au- 


thor would doubtless suggest perusal of 
his more extensive and better known 
book, Evolution, Genetics and Eugenics. 


This attempt at popularization of 
scientific results for non-scientific read- 
ers is not particularly successful, partly 
because it retains the technical jargon 
of the specialist quite needlessly, and 
partly because it contains numerous in- 
accurate statements, which would seem 
to imply that anything will do for the 
reader who does not know better. The 
most charitable interpretation would be 
to charge these errors to haste and 
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Popular Evolution 


carelessness in preparation and publica- 
tion. 

The reader is told on page 5 that 
“nowhere else in the world than in 
South America have any living or fossil 
sloths been found,” whereas even our 
daily papers contain frequent notice of 
the finding of bones and even dung of 
the ground sloth in caves of our south- 
western states. These notices the man 
in the street is likely to have read. The 
Huxley who defended Darwinism in its 
early days is on page 27 christened 
William Henry. Even a well-informed 
proof reader should have changed this 
to Thomas Henry. 

In describing the mechanism of hered- 
ity, in which the réle of chromosomes 
is shown to be important, the diploid 
chromosome numbers of mouse and 
maize are stated to be 36 and 12 re- 
spectively, whereas even the beginner 
in the genetics of these much studied 
organisms knows them to be 40 and 20 
respectively. On page 117 it is stated 
that the progeny of a single male-fe- 
male (hermaphrodite) individual con- 
stitute a pure line, whereas if the indi- 


vidual is a species hybrid its offspring 
under continuous self fertilization may 
be extremely variable, as is known to 
every student of plant breeding. 

On page 160 Heape is credited with 
an ovarian transplantation experiment 
demonstrating the non-existence of 
Lamarckian inheritance, whereas the 
first successful experiment of this sort 
was made by American workers in 
Newman’s own time. Heape’s experi- 
ment was a very different one, since it 
involved transfer of a fertilized egg,— 
not immature ovaries. 

Popularization of scientific results 
should be done with the greatest care, 
if the public is not to be given errone- 
ous impressions. A model popular ex- 
position of evolution is found in S. 
Herbert’s First Principles of Evolution 
published in 1913, prepared for work- 
ing men in [ngland, clear, simple, non- 
technical, well illustrated but not over 
illustrated, and accurate to the last de- 
tail. With this the volume under re- 
view contrasts sadly. 


W. E. CASTLE. 


Bussey Institution. 


A New Guidebook to Statistics 


THE METHODS OF STATISTICS, by 
L. H. C. Tipperr. Williams and Norgate, 
Ltd., London, 1932. 


ERE is an orderly presentation of 

the efficient statistical methods 
which have been developed during the 
last half century by a brilliant school of 
biologically oriented British statisticians. 
The book is profusely illustrated with 
authentic data drawn mostly from the 
various branches of biological literature. 
Coming as it does hard upon the heels 
of the third edition of R. A. Fisher’s 
Statistical Methods for Research VW ork- 
ers—and to be closely followed, if re- 
port is true, by a fourth edition—Tip- 
pett’s book is the second to present to 
biologists an adequate working set of 
statistical tools. Completely up-to-the- 
minute, it contains most of the pub- 


lished developments of analysis of vari- 
ance and co-variance. 

Tippett has done no mere job of re- 
porting. Besides making numerous mi- 
nor contributions, he has enriched statis- 
tical methodology in particulars. 
First, he has completed the integration, 
initiated by Fisher, of the correlation ra- 
tio, and its much disputed test of signi- 
ficance, into the general theory of cor- 
relation. The computation of r and 
is incorporated in a single table. Sec- 
ond, he has presented in a remarkably 
simple fashion a new theorem in anal- 
ysis of variance (page 93) which makes 
available an estimate of the variance in 
heterogeneous data in addition to the 
usual test of significance. This theorem 
first appeared in a mathematical paper 
by Irwin* in 1931. The presumption is 


O. IRwIN, 


the Royal Statistical Society, 94:296. 1931. 


“Mathematical Theorems Involved in the Analysis of Variance.” 
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that the two authors arrived at their re- 
sults independently. 

A remarkable amount of material has 
been packed into the 214 pages of this 
book. It is almost encyclopedic in na- 
ture. Nearly every user of statistics 
may find in it stimulating suggestions 
for the extension and improvement of 
his technique. Alternate methods of 
statistical treatment are emphasized, the 
identity of the results being insisted 
upon. Obscure points in the use of ta- 
bles of x*, t, and s are explained in de- 
tail. The theoretical conditions under- 
lying each statistical method are per- 
sistently stated. Some excellent pas- 
sages occur in the sections entitled “Gen- 
eral Discussion,’ and worthwhile com- 
ments are frequent. For example 
(page 190), “The time to consult statis- 
tical principles is before the experiment 
is planned, not after the results are ob- 
tained.” 

It is inevitable that this work should 
be compared with its predecessor, Statis- 
tics for Research Workers, by Fisher. 
Of about the same extent, the two 
books cover substantially the same 
eround. ‘Tippett’s contains much more 
detail, including answers to many prac- 
tical questions which arise in the minds 
of users of statistics. Indeed, this very 
abundance of detail makes it even more 
bewildering to the novice than Fisher’s. 
Since Tippett has included no tables of 
the ordinary statistical functions, the 
practitioner must have access to Fisher’s 
book in order to use his tables of ¢ and 
z. The reader will miss the elegance 
of Fisher’s style, while the biologist, 
especially the geneticist, will note the 
absence of that authority with which 
Fisher discusses biological problems. 
Fisher would never have given the illus- 
tration of the additive nature of x? to 
be found on page 67. 

I cannot agree with Tippett that he 
has reduced correlation to ‘a special 
case” of analysis of variance. On the 
contrary he has placed it in its rightful 
place among the important -statistical 
concepts. His statement seems to arise 


from an undue emphasis in his own 
mind—not apparent in the text—of the 
Fisher method of testing significance in 
correlation, of the new device, analysis 
of co-variance, which from one stand- 
point may be viewed as a method for 
pooling the estimates of correlation 
found in different but related groups, 
and of the well-known relation between 
analysis of variance and intraclass cor- 
relation. The author’s repeated refer- 
ence to the discovery of “association” 
by the analysis of variance appeals to 
me as purely academic. 


Evidences of haste in preparation are 
numerous but not important. Many of 
the tables and figures are without titles, 
errors in grammar and construction oc- 
cur, symbols are occasionally introduced 
without definition and promptly aban- 
doned, and an elaborate system of sec- 
tion numbering is set up but used for 
cross reference only in the latter part 
of the volume. Such undefined terms as 
“real” and “association” are frequently 
substituted for the defined “‘significant”’ 
and “correlation,” while the technical 
“non-significant” appears under the 
guises, “insignificant,” “‘signifies noth- 
ing’ and “has no measurable effect.” 
The author is peculiarly unfortunate in 
the technical terms he has introduced. 
His “within an array” is less accurately 
descriptive than Fisher’s “within ar- 
rays,’ and is abandoned in the later 
chapters. The term “mean variance” 
merely covers up some elusive details 
concerning which Fisher's ‘mean 
square” is at least a warning. All these 
items, however, are only minor details 
of the volume, detracting little from its 
excellence. 


The mechanical perfection of the 
book is noteworthy. Among all the 
formula and computations, I noticed 
only a single error (formula, bottom of 
page 147). The work will command the 
interest and respect of everyone con- 
cerned with the methods of statistics. 

GEORGE W. SNEDECOR. 


Statistical Laboratory 
Iowa State College. 
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GROUP RESEARCH SINCE 1900 


| A Review 


HANDBUCH DER BLUTGRUPPEN- 
KUNDE. Edited by PAuLt STEFFAN. Pp. x1 
+ 669. Mtinchen, 1932. J. F. Lehmanns 
Verlag. 


CCASIONALLY there appears 

on the scientific horizon a prob- 

lem whose mushroom-like growth 
quickly carries it to all corners of the 
world. Such a problem was _ provided 
in 1900 by Landsteiner’s discovery of 
the human blood groups. Scarcely a 
country has failed to supply literature 
on the subject, and the problem has 
erown amazingly in interest and vigor 
of attack. Vivid witness to these state- 
ments is provided by the volume on 
blood grouping which has recently ap- 
peared under the editorship of Dr. Paul 
Steffan, and especially by the biblio- 
graphy of 108 pages which appears at 
the end of the book, in which are listed 
2,979 separate articles on blood group- 
ing. The title of the volume proclaims 
it a “handbook,” yet it contains nearly 
700 large pages of closely set type. The 
various phases of the blood group prob- 
lem have broadened to the point where 
no individual can sufficiently encompass 
them all, hence the book is very prop- 
erly written cooperatively by seven of 
the outstanding blood group workers 
of Europe. 


The opening chapter, by Hesch of 
Leipzig, outlines briefly the develop- 
ment of the blood group investigations 
from the beginning of the century to 
the present time. Then follows a de- 
tailed discussion of the serology of the 
blood groups in man and animals, by 
Thomsen of Copehagen. recent 
proof of the existence of two kinds of 
group 4 is carefully outlined in this 
section; so also is the bacterial phe- 
nomenon of receptor-formation  dis- 
covered by Thomsen in recent years. 
A strong plea is made for the dropping 
of the term “blood group” and the sub- 
stituting of the term “blood type.” It 1s 
to be feared, however, that this desire 


will have about as much success as the 
attempt some vears ago on the part of 
ornithologists to change the name of 
the robin to “Migratory thrush.” 


The third chapter, of more than 100 
pages, is by Wellisch of Vienna, and 
is given over to the heredity of the 
blood groups. On statistical grounds as 
well as on the intimate inspection of 
family histories, the various suggested 
hypotheses of blood group heredity are 
analyzed. The statistical analysis is ex- 
ceptionally complete. The triple alle- 
lomorph hypothesis appears to satisfy 
the scheme of four orthodox groups, 
with the probability that four alle- 
lomorphs really exist, thus including 
the two kinds of group A in the hered- 
itary scheme. The new immune agglu- 
tinogens 7 and N are given a section 
at the end of this chapter. 


No Linkages Established 


Thomsen again provides an authori- 
tative and interesting chapter as the 
fourth of the volume, on the relation- 
ships of the blood groups to other hu- 
man characters. Many such characters 
are discussed, some known to be hered- 
itary, others not. Emphasis is laid on 
the proper understanding of the differ- 
ence between correlation and true link- 
age in such studies. To date no linkage 
between the blood groups and any other 
hereditary factor has been established. 
Relatively few of the studies made, 
however, have been so designed as to 
yield true linkage results. 


The aid of a physician, Dr. Burkle- 
de-la-Camp, of Munich, is enlisted to 
provide the fifth chapter, dealing with 
the transfusion problem. Technic, in- 
dications, and the physiology of trans- 
fusion are thoroughly discussed. In this 
chapter appear the first illustrations of 
the volume, a welcome addition to the 
pages of formulae in the preceeding 
chapters. 
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Blood Groups in Legal Medicine 


Some of the most important practical 
applications of blood grouping have 
been in the field of legal medicine. 
Raestrup, of Frankfort am Main, pro- 
vides the discussion of these questions. 
In addition to the well-known applica- 
tions in cases of disputed parentage, 
mixed babies in hospitals, and dried 
blood stains, attention is drawn to the 
possibilities offered to the police in the 
identification of individuals, both living 
and dead, especially where the norma! 
marks of identification have been pur- 
posely or accidentally rendered ineffec- 
tual. An enlightening series of case his- 
tories illustrates the legal possibilities 
in various circumstances. Nothing 1s 
said in this chapter, however, about the 
greatly increased legal applications of- 
fered by the new immune agglutinogens. 


The anthropological applications of 
blood grouping form the basis of Chap- 
ter 7, by Steffan, of Wiailhelmshaven. 
Here are listed all the determinations 
of blood group frequencies in various 
populations, numbering some six hun- 
dred. The various graphic representa- 
tions of racial blood group distribution 
are discussed and compared. Steffan 
employs for illustrations in the book a 
triangular form of chart, which does 
not appear to offer much more in the 
way of clarity than do other suggested 
diagrams. The use of the blood groups 
as supplementary anthropologic criteria, 
not to be considered as sufficient by 
themselves, is ably discussed. 


The final chapter, by Schott of 
Stockholm, is devoted to the technic of 
blood grouping. Various systems of 
group determination are described, and 
a method is derived for the determina- 


tion of the groups in the absence of 
available known serums and cells. The 
determination of titre of both serums 
and cells is outlined, and its importance 
discussed. Interesting photo-micrographs 
are shown, and the methods of photo- 
graphing agglutination are explained. 

In addition to the large bibliography, 
an appendix of squares and square 
roots of numbers from 0.01 to 10.00 
by hundredths is given, and of square 
roots of numbers from 10 to 100 by 
tenths. An adequate index is provided. 


No one can realize the thorough 
manner in which the many _ ramifica- 
tions of the blood group problem have 
been attacked, especially in the last 
few years, without a volume of this 
sort to organize and present the ma- 
terial. Coming as it does from the 
pens of those whose individual work 
along these lines is outstanding, the 
book carries with it an authenticity not 
to be questioned. It appears to be so 
complete that the certainty emerges 
that no one in the future can ade- 
quately plan further experimentation 
involving the blood groups without first 
consulting this mile-stone in human 
biology. 


LAURENCE H. SNYDER. 
Ohio State University. 


Social Inventions 


We live in an age of machines. In 
fact, some critics of the present state 
of human kind make the suggestion 
that most of our troubles are due to the 
fact that machines are running men, 
while men only operate machines. Ma- 
chines in fact are pictured as something 
of a Frankensteinian nightmare of an 
industrial world. 

In contrast to this amazing develop- 


ment of mechanical invention, our so- 
cial organization has remained very 
much the same, world without end. 
Our politicians and social reformers are 
still clothed in skins and chipping flints, 
much as their Cro-Magnon ancestors 
did. The lawyers who tilt with each 
other in our crowded court rooms are 
armed and armoured with the bulky, if 
decorative, legislative steelwork of me- 
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Social Inventions 


Our mathematicians, as 


diaeval times. 
Professor Armstrong recently observed, 
can bewitch us with discussions of ultra- 
galactic nebulae, but seem unable to 
give our money-lenders.a more satisfac- 
tory medium of exchange than was 
known to the Chaldees of Ur. 


In the Scientific Monthly for Octo- 
ber, Professor Arland D. Weeks dis- 
cusses some of the contrasts between 
our advanced state of mechanical inven- 
tion and our deplorably retarded state 
of social invention. Dr. Weeks be- 
lieves that we may have before us an 
age of social invention comparable to 
the last two hundred years of me- 
chanical invention. Swamped as we 
are with so many machines, this step 
may be forced upon the human race 
as a matter of self-preservation. 

Noticeable in many analyses of the 
need for change in man’s social organ- 
ization 1s much of the naive animism 
that characterizes inventors of perpetual 
motion machines. The field of social 
invention is really a good deal more 
complicated than most of the seekers 
after “reform’” seem to realize. <A 
“planned society’ will turn out to be 
“ather more of a problem than just 
saying “einy-meiny-miny-mo” to the 
butcher, the baker and the candlestick 
maker. When we tinker with the cams 
and levers in a machine, we get results 
that can be fairly easily analyzed. When 
we tinker with the emotional cams and 
instinctive levers of the social organiza- 
tion of a biological species, we are very 
apt to get unlooked for results in a half 
dozen different dimensions. It is ab- 
surd to say, of course, that this makes 
the probem insoluble. The fact that 
so many species have succeeded in fit- 
ting themselves into so many kinds of 
environments in such a variety of ways 
proves that problems of biological 
adaptation can be solved. 

Dr. Weeks lists tentatively the fol- 
lowing imposing array of fields of en- 
deavor for the social inventor : 


Moral code 
Fundamentalism 
Law, schools 

New wants 
International trade 


Tax system 

Jury trial 
Wearing apparel 
League of nations 
Traveling libraries. 


Accident prevention ‘S!umm 

Capitalistic system Crime prevention 
Poverty 

Political platforms 

Ta 


Racial accord 


Court procedure 
The work of 


Legal service 
Weights and 
measures 


assessors 

Value of the dollar Investment 

War Waste of metals 
Minorities Overcrowded pro- 
International language fessions 


Distribution of wealth The “funnies” | 


Noise Rackets 
Health Simple life 
Motivation of Pedestrianism 
production Liquor control 
Disarmament Form of government 
Idle time Red tape 
Worry Automatic referenda 
Personal insulation Judgment test for 
Duplication voters 
Advertising Education 
Tariff Rumor damper and 
Cities | lie sterilizer 
Wild life Conservatism 
Jobs Rotation of occupation 
Discovery of law Travel 
breakers Community buying 


Regulation of pro- 
duction to need 


and use 
History 

Strangely enough, Weeks leaves out 
what we suspect may prove to be the 
most important of all—Fugenics. With- 
out a eugenic outlook, many of these 
problems (and some of the most 1m- 
portant ones) would be beyond the 
possibility of an inventive solution. 
Their solution is not to be obtained 
by rule-of-thumb measures and rule- 
of-thumb half-measures, but by a 
good deal more concentrated and 
competent thought to these so vital 
matters than is now being accorded 
them. Invention in its highest form 
represents the application in novel cir- 
cumstances of revolutionary ideas. 
Great is the need for them in this 
field. 

The recently suggested solution of 
our problems which has reached the 
front pages of the metromolitan dailies 
under the alluring title “Technocracy” 
appears to be seriously inadequate in 
this direction. The Machine Age rep- 
resents perhaps as drastic a modifica- 
tion of the human environment as the 
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coming of the last Ice Age, with the 
difference that the returning glaciers 
did not fill cur ancestors’ back yards 
with ice overnight. The Machine Age 
has literally buried us under an ava- 
lanche of mechanisms between dawn 
and dark, racially speaking, and to hope 
that- a re-integration can be accom- 
plished by simply juggling the counters 
in the economic poker game is fantas- 
tic. It is like believing that we can 
turn a reptile into a mammal by some- 
how substituting round blood corpuscles 
for the elliptical ones which snakes af- 
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fect. Problems of education, of quality 
and quantity of population, of econom- 
ics and of sociology must somehow be 
faced and integrated before we can 
safely say that the Machine Age has 
been assimilated as a non-lethal addi- 
tion to the human environment. This 
is a job in inventive technique, and in- 
volves a coordination and integration of 
forces, prejudices, and passions that 
makes the construction of the Boulder- 
Hoover dam reminiscent of a beaver’s 
playful stickwork in some quiet creek. 


ANTONY VAN LEEUWENHOEK 


Leeuwenhoek, the tricentenary of 
whose birth occurs in December, 1932, 
was one of the most interesting apostles 
of science the world has ever known. 
An uneducated man, he nevertheless 
opened up the vast world of sub-visible 
living things. Lens-grinding was with 
him almost an obsession, and with ma- 
niacal accuracy and skill he produced the 
most perfect lenses that had ever been 
made up to that time. With these he 
spent nearly fifty years—peering into 
the strange world of the invisible. 
Where the cultured Newton “picked up 
a few pebbles on the shore of the sea 
of the unknown,” this Dutch dry-goods 
merchant garnered a whole basket-full 
of priceless jewels with the gleeful and 
unselfconscious abandon of a child. 
That one man could have been the first 
to have seen and reported so many 
things is amazing. He is recognized as 
the discoverer of bacteria, but he also 
saw so much else! He did not elabor- 
ate Schleiden and Schwamm?’s cell the- 
ory, of course, but he apparently dis- 
covered the cells of which plants and 
animals are made. He first saw the 
capillary circulation of the blood, thus 
forging the last link in the chain which 
was postulated by Harvey. Leeuwen- 
hoek did not see chromosomes, but in 
a way he may be said to be the father 
of genetics, as well as of bacteriology, 
for he first saw a male gamete at about 
the time that his friend, de Graff, made 
such fundamental contributions to our 
knowledge of female gametes that we 


only a prying crank? 


have Graafian follicles to this day. His 
letter announcing the discovery of hu- 
man sperm cells, while not included in 
the popular “lives” of Leeuwenhoek, i 
said to be an altogether charming exam- 
ple of his naive and puppy-like curi- 
osity. 

Was scientist or 
He enunciated 
no far-flung principles: he founded no 
schools (because to have done so would 
have made him less free to look!), he 
had little formal education, and yet—he 
had a gift for accurate observation, and 
a priceless restraint in formulating 
hypotheses. ‘‘People who look for the 
first time through a microscope say 
now I see this and now I see that, and 
even a skilled observer can be fooled. 
On these observations I have spent 
more time than many will believe, but 
I have done them for joy—.” It is not a 
bad epitome of the scientific method. 

How thrilled this old Dutch merchant 
would be could be come back on this 
three hundredth anniversary of his 
birth and see his “wretched beasties” in 
all the detail that modern technique has 
brought out, with its stains, condensers, 
achromatic lenses, etc. Ixciting as this 
would be, it could never equal that first 
glimpse, two and a half centuries ago 
into a world which had never before 
been seen by human eyes—Balboa at 
Darien, Columbus at Watling Island, 
and da Gama rounding the Cape of 
Good Hope, all rolled into one, as it 
were, and magnified enormously by one 
of his own tiny lenses! 
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Glossary Genetic Terms 


AGGLUTINOGEN—A_ substance from which an 

agglutinin is produced; which, in turn, 1s 

| a substance which has the property of 

. clumping and precipitating certain specific 
types ef blocd corpuscles or bacteria. 


ALLELOMORPH—Mendelian characters are in- 
herited in alternative pairs, or in alternative 
- series. These alternative genes are called 
’ allelomorphs. Examples: Albinism (reces- 
sive), Normal pigmentation (dominant) ; 
Horns (recessive), Hornlessness (domi- 

nant). 


, BackK-cross—Cross of a hybrid to one of the 
parental forms. 


CuraAsMA—"In the diptolene stage (of cell 
division) the chromatids are associated 1n 
pairs in such a way that in one part of 
their length two chromatids are associated 
but in another part each is associated with 
a different chromatid. The point of ex- 
change is termed a chiasma.” (Sansome 
and Phipp, 1932.) 


“Exchange of partners between the four 
chromatids of a bivalent.” (L. H. Hill, 
1932.) 


frequently bear 

the foreshadowing of a future longitudinal 
division so that they appear to be made up 
of two parallel threads. These threads are 
1 | the chromatids. 


CHROMOSOMES—Tiny  dark-staining bodies 
visible in the nucleus of the cell at the time 
of cell-division. The number of chromo- 
somes in any species is usually constant. 

The chromosomes carry the genes, linearly 

arranged, which control the development 

of Mendelian characters. 


CrossING Over—Interchange of segments be- 
d tween two homologous chromosomes previ- 
ous to the formation of gametes. 


CoN JUGATION—Side-by-side association of 
homologous chromosomes previous to for- 
mation of gametes. 


DipLoi—Having two sets of chromosomes. 
f | Body-tissues of higher plants and animals 
are ordinarily diploid in chromosome con- 
stitution. See Somatic. 


DoMINANT—A_ character possessed by one 
of the parents of a hybrid, which appears 
in the hybrid to the exclusion of the con- 


(the recessive). Thus in a cross of 
- i  green- and yellow-seeded peas the first 
n generation has yellow seeds. Yellow is 
dominant and green is recessive, being 
transmitted but not appearing in the pres- 
ence of the factor for yellow. 


Factor—Same as Gene. 


F,—(Pronounced eff-one). 
generation. The 
mating. 


The first filial 
offspring of a _ given 


trasted character from the other parent 


F.—The second filial generation. Produced 
by intercrossing or self-fertilizing the 
The inbred grandchildren of a_ given | 
mating. 


GAMETE—A reproductive cell of either sex;, | ae 
e. g. sperm or ovum. | 


GENE—(1) The unit of inheritance, which 
is transmitted in the germ cells, and which 
by interaction with the genic and cyto- 
plasmic complex controls the development 
of a character. The genes are arranged 
linearly in the chromosomes. (2) “Thie 
physical basis of heredity’—or more fig 
uratively, the atom of the genetic mole- 
cule. 


the reduced number of 
chromosomes, as in germ cells, as dis- 
tinguished from the diploid or double num- 
ber of chromosomes in normal somatic 
cells. 


FHIETEROzZ Ycous—Containing both genes of an 
allelomorphic pair, or two genes of an 
allelomorphic series. Heterozygous in- 
dividuals generally resemble the individuals 
homozygous for the dominant character. 
but they transmit the recessive to half their 
offspring. 


Homozycous—(1) An organism formed by 
like germ cells; (2) An organism is said 
to be homozygous for a given character 
when all the germ cells transmit identical 
genes for this character. This is the most 
frequently used meaning of the term. 


LINKAGE—Association of genes inheri- 
tance, due to the fact that they are in the 
same chromosome. 


Mutation—A_ sudden variation in an_in- 
herited character. 


ONnTOGENY—The developmental history of an 


organism, from fertilized egg to adult in- 
dividual 


RECESSIVE—See Dominant. 


SomaAtTic—Referring to body tissues; having : 
two sets of chromosomes, one set normally “: 
coming from the female parent and one : 
from the male; as contrasted with germ s 
cells having a single set of cnromosomes ; 


SEGREGATION—Separation — of 


allelomorphic 
genes at meiosis. 


SELFED—Self-pollinated. 


TRANSLOCATION—Attachment of a fragment 
of one chromosome to a_ non-homologous 
chromosome, resulting in a new arrange- 
ment of genes. 


ZYGOTE—An organism produced by the inion 
of two germ cells. 
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